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PREFACE. 



The manual here offered to the student has 
been published in consequence of the request 
made by the author's pupils, that he would 
print the course of Lectures upon Metallurgy 
annually delivered by him. 

In carrying out this he has found it neces- 
sary, in order to render the work complete as 
far as it goes, to add somewhat to the short 
series given, by doing which he has caused the 
book to grow beyond the limit originally con- 
templated, although it will be seen that such 
additions are not more than would be absolutely 
required in order to make it an efficient text- 
book for the student's use. 

Thus, although the reader is supposed to 
have some little acquaintance with the funda- 
mental truths of chemistry, an endeavor has 
been made, in some of the early chapters, to 
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elucidate such as are concerned in operations 
detailed in the special portions of the book. 

In addition to the strictly original matter 
contained, facts running throughout the pages 
of many other writers upon the subjects treated 
of, have been brought together in small space; 
and hence it is believed that good service has 
been rendered to those whose avocations leave 
them little time for extended reading upon 
matters not directly professional. And for the 
same object a considerable amount of chemical 
information, in the shape of special analyses, 
&c., has been incorporated with all parts of the 
work, wherever such has appeared needful. 

The author is not without hope that the 
prominent place he has given to the precious 
metals may render the work useful to dll 
persons engaged, commercially and otherwise, 
with them. 

Landotif November, 1861. 
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METALLURGY. 



CHAPTER I. 

OSNEBAL FROPSRTISS OF THE METALS. 

The operations of the chemist have for their object 
either, oo the one hand, the combination of divers 
forms of matter, whereby new compound bodies are 
produced, or else, on the other, the separation of com- 
pounds already existing, so as to reduce them to sim- 
Eler states; thus, by the latter method of proceeding, 
e will arrive at points where the process of separation 
is no longer practicable, although possibly this stop is 
put to the decomposing process by our want of means 
to carry it on in our present state of knowledge. The 
ultimate forms into which all compound bodies are 
resolvable are called " elements." 

The elements at present known are sixty in number, 
while of these no less than forty-seven are called 
'^ metals." Their study constitutes the science of Me- 
tallurgy, which, although by strict deiSnition means 
the production of metals, will, throughout the follow- 
ing pages, be extended to as much of their chemistry 
also as relates to their less complex compounds. 

As chemical changes, or '^reactions," as they are 
termed, are frequently somewhat complex, it is found 
convenient to be able to express the names of elements 
in short, and thus, by means of abbreviations, to con- 
struct formulae of such changes, whereby the whole 
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operation may at once be brought under the eye. 
These abbreviations (called "symbols") are^ commonly 
formed by employing the first letter of the Latin name 
of the element, or, where such initial letter is common 
to more than one, then using the two first letters for 
the less important one. 

Again, as each element is supposed to have a defi- 
nite "atomic weight," as it is expressed, or, in other 
words, a proportion as compared with the rest, in 
which it will enter into combination to form a com- 
pound body, such number would be called its ^' equi- 
valent;" a term expressing the fact that a certain weight 
of one body is just equivalent to, and will replace, a 
certain fixed weight of another in forming new com- 
binations, the combining equivalent of the gas Hydro- 
gen forming the unit of the system of numbers. The 
following table contains the names of the elementary 
bodies, and placed against each is its symbol and com- 
bining equivalent. 

The Non-metallic elements may be divided accord- 
ing to their physical states in the following way: — 

Gaseous Elements. 

1. Oxygen 

2. Hydrogen 
8. Nitrogen 

4. Chlorine 

5. Fluorine 



Solids. 
Carbon 
Boron 
Silicon 
Sulphur 
Selenium 

6. Phosphorus 

7. Iodine 



Symbol. 


Eqaivalent. 


. 


8 


. H 


1 


. N 


14 


. CI 


35.5 


. F 


19 


. C 


6 


. B 


11 


. Si 


14 


. s 


16 


. Se 


40 


. P 


31 


. I 


127 



Liqaid. 

1. Bromine 



Br 
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The metallic elements may first be divided into two 
classes : Noble, and Base Metals. 

1st. The Noble metals are those whose compounds 
with oxygen are decomposed by heat alone, and the 
metal thus set free. They are nine in number : — 



Metals. 


Symbol. 


EqniTalent 


1. Mercury 


. . Hg 


100 


2. Silver 


. . Ag 


108 


3. Gold 


. . aI 


196.6 


4. Platinum 


. Pt 


98.56 


5. Palladium . 


. Pd 


53.24 


6. Rhodium 


. R 


62.16 


7. Iridium 


. Ir 


98.56 


8. Ruthenium . 


. Ra 


52.11 


9. Osmium 


. Os 


99.41 



2d. The Base metals are those which retain oxygen 
at high temperatures. This second class may be sub- 
divided into four orders. 

Order 1. Fourteen metals which do not decompose 
water at any temperature : — 

MetaU. 

1. Lead 

2. Copper 

3. Titanium . 

4. Bismuth 

5. Uranium 

6. Tellurium . 

7. Antimony . 

8. Tantalum . 

9. Columbium, or Niobium Nb 

10. Tungsten . 

11. Molybdenum 

12. Chromium . 

13. Vanadium . 

14. Arsenic 



Symbol. 


Eqaivalent. 


Pb 


103.6 


Cu 


31.7 


Ti 


26 


Bi 


210 


U 


60 


Te 


64.5 


Sb 


122 


Ta 


68.8 


Nb 


48.8 


W 


92 


Mo 


48 


Cr 


26.27 


V 


68.46 


As 


75 



28 
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Order 2. Seven metals which decompose water at a 
red heat : — 



Hotels. 


Symbol. 


Eqaivalent. 


1. Iron 


. Fe 


28 


2. Manganese . 


. Mn 


27.5 


8. Nickel 


. Ni 


29.5 


4. Cobalt 


. . Co 


29.5 


6. Tin 


. Sn 


59 


6. Zino 


. Zn 


32.7 


7. Cadmiara . 


. Cd 


56 



Order 8. Eleven metals which decompose water at 
ordinary temperatures ; although, in the case of some 
few of these, a slight rise of temperature, or else the 
addition of some weak acid, becomes necessary. 

MeUls. 

1. Magnesium 

2. Cerium 

3. Lanthanum 

4. Didymium 

5. Yttrium 

6. Erbium 

7. Terbium 

8. Glucinium 

9. Aluminium 

10. Thorinum 

11. Zirconium 



energy, even at low temperatures : — 



1. 
2. 



MeUls. 
Potassium 
Sodium 

3. Lithium 

4. Barium 

6. Strontium 
6. Calcium 



Sjinbol. 


Eqaivalent. 


Mg 


12 


Ce 


46 


Ln 


48 


D 


? 


Y 


82 


? 


? 


? 


? 


Gl 


4.7 


Al 


13.7 


Th 


39.5 


Zr 


83.6 


composi 


9 water wi 


symbol. 


EqiilraLnt. 


K 


89 


Na 


23 


Li 


7 


Ba 


68.5 


Sr 


43.8 


Ca 


20 
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A metal may be defined as a solid elementary body, 
which condacts heat and electricity through its sub- 
stance perfectly, and has a peculiar condition of sur- 
face, whereby light is strongly reflected from it ; and 
hence its surface is more or less lustrous. The latter 
character is generally so strongly marked that, in 
speaking in common language of any lustrous body, 
we say it has " a metallic lustre.'^ It seems to be the 
result of perfect opacity, by which all rays are reflect- 
ed from the surface; for, if we take finely divided gold 
or silver, we observe it to be a dull, sandy-looking 
body, yellow in the former, and gray in the latter case; 
but the least condensation by rubbing with the smooth 
face of a hammer or a burnisher, will produce the 
necessary state of surface for this reflection of light. 

The metals are nearly all perfectly opaque, even in 
thin leaves, although the small number possessing 
transparency may depend on our ability to bring them 
into a sufficiently attenuated state; for gold, which 
readily admits of this, is easily shown to transmit 
green light 

This may be very elegantly demonstrated by taking 
some twenty grains of fine gold, and fusing it in a 
convenient shallow vessel. This is to be removed 
from the furnace in a completely fluid state; when, if 
watched, it will be observed that, just upon cooling, a 
crust of solid metal will first suddenly form, through 
which the light of the internal red-hot mass appears 
of a beautiful brilliant green color. 

The non-metallic elements admit of ready division, 
as we have seen, dependent upon physical differences. 
The solid bodies of this division have been called 
'* metalloids ;" and between these and the true metals 
the line of separation is not very definite. 

For example: Iodine, and also selenium, possess 
very strong metallic lustre, so that selenium has actu- 
ally been classed with the metals by some chemists, 
while silicon, as also tellurium, is now commonly asso- 
ciated with the metalloids. The former commonly 

8* 
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being produced as a dull brown powder; and the 
latter, although possessing lustre, being deficient in 
conducting power of heat and electricity. 

The color most prevailing in metals passes through 
all shades of white, of which the pure white of silver 
may be taken as the starting-point, and the blue white 
of lead the farthest remove from it; all others, with 
three exceptions, being rangeable between these two 
shades. The exceptions are, gold, which is of a rich 
yellow, and the two red metals, copper and titanium, 
feut the latter, when finely divided, is steel-gray. 

The metals are nearly all destitute of odor or taste, 
but there are some exceptions to this. Thus, peculiar 
odors will be evolved when we heat iron or copper ; 
and one of our means of discriminating arsenic con- 
sists in the characteristic smell of garlic which is 
emitted when it is heated. The taste which is per- 
ceived in some is, no doubt, due to some peculiar 
character, although, in some cases, it may depend upon 
voltaic action set up by the chemical agency of the 
saliva; the metal not being perfectly pure. This may 
be illustrated on a large scale by the well-known ex- 
periment of placing a piece of zinc on the tongue and 
a piece of silver under it, and then, joining their 
edges, when a metallic taste will be perceived, de- 
pendent on slow solution of the zinc under electric 
action. 

The three related qualities of malleability, ductility, 
and tenacity differ much among them. Gold may be 
said to be the type of perfect malleability. Thus, we 
may take a small button of gold and pass it over and 
over again between the rollers of a flatting mill. Its 
malleability and ductility will allow of its extension in 
an unbroken state, until we are arrested by the imper- 
fection of the rollers. After this it might be further 
extended by hammering until each grain would cover 
a circular space of nearly nine inches in diameter. 

Then, on the other hand, arsenic or antimony may 
be powdered in a mortar: in fact, the former is a 



GSNEBAL PBOPERTIES OF THE METALS. 81 

thoroughly brittle body, in which these two qualities 
are quite wanting. 

It may be imagined that the properties of malleability 
and ductility are so nearly allied, that they are possessed 
in corresponding degree by metals ; but this is not so. 
Ductility is evidenced by a metal being readily drawn 
into wire, the means employed for this being a severe 
test; for, after forming a small bar or roll; one end is 
slightly decreased in diameter, so as to admit of its 
being passed through a hole made in a hard steel plate ; 
the end is then seized by a vice, and the whole bar 
forcibly drawn through the hole ; the operation is then 
repeated over and over again, a smaller hole being used 
in each successive drawing. Thus a metal whose tex- 
ture is very little fibrous, has its particles elongated 
step by step, until the texture of the resulting wire is 
perfectly so. 

Malleability is shown in the capability of extension 
in all directions, and a purely malleable metal will 
admit of this by hammering, and that without any 
evidence of brittleness, which would be manifested by 
splitting out at the edges. 

Tenacity has, then, some relation to both the above 
properties. It means the power of resisting the tenden- 
cies of tension to break up a metal. Thus a tenacious 
^ metal, alone, will admit of extension into wire. And 
the differences of metals, in this property, have been 
measured upon wires of equal size, by noting the amount 
of weight a wire will sustain without breaking. 

The tenacity, or, on the other hand, the brittleness, 
of metals is much influenced by temperature. Thus, 
some which at ordinary temperatures will be brittle 
may be drawn into wire if heated ; while, on the con- 
trary, some are actually rendered brittle by raisin? 
their temperature. Brass, for example, when heated 
to dull redness, will be rendered quite brittle thereby; 
and Wertheim, an experimenter upon this point, states 
that, as a rule, the tenacity of metals is diminished by 
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heating, the odIj exceptions to this being gold, iron, 
and steel. 

Crystalline metals never possess the properties of 
ductility or tenacity, the crystalline structure being 
quite incompatible with these qualities. Thus, brass 
which has been drawn into wire will frequently, after 
a year or so, become crystalline in structure, by change 
of molecular arrangement, when it also is found to 
have become thoroughly brittle by the change. Again, 
by frequently annealing a bar of silver it will be ren- 
dered crystalline, and, consequently, brittle. The 
following table will show the relative order of the more 
common metals in their possession of these three quali- 
ties, by taking them in the order of the numbers placed 
against each : — 

Metals. MaUeabilitjr. Daotilitj. Tenacitj. 



Gold 


. 1 


1 


7 


Silver 


. 2 


2 


5 


Copper 


. 8 


6 


2 


Tin 


. 4 


8 


8 


Cadmium . 


. 5 


11 


9 


Platinum 


. 6 


8 


4 


Lead 


. 7 


9 


10 


Zinc 


. 8 


7 


6 


Iron 


. 9 


4 


1 


Nickel 


. 10 


5 


2 


Palladium 


. 11 


10 


8 



Metals vary much in hardness, but when pure they 
are not generally very hard. As examples of difference 
in this property, mercury is fluid; potassium cuts like 
wax; lead is readily scratched, even by the finger-nail ; 
gold is freely cut by an ordinary pair of scissors; while 
some few are harder than iron or steel. 

This property may be increased by heating a metal 
and then suddenly cooling it, while, on the other hand, 
a hardened metal may be rendered softer by directly 
opposite treatment : viz. heating, and cooling down very 
gradually. The action of annealing, as it is called. 
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being the slight separation of the metallic particles by 
the action of heat. 

All metals may be rendered fluid ; but the degree of 
heat requisite for this varies very much. Thus, mercury 
fuses at 89° below zero, and hence is always fluid, at 
ordinary temperatures. Potassium fuses at 186° ; tin 
at 442° ; zinc at 773° ; silver at 1878° ; iron at 2786°; 
while some are infusible except by the heat of the oxy- 
hydrogen blowpipe. 

The metals are the best conductors of heat amongst 
the solid bodies ; but some transmit it much more 
readily than others : and in thus comparing them, purity 
of the metal has much influence, as a small quantity of 
an alloying metal much diminishes the power of con- 
duction. This fact may account for the differences in 
conducting power, shown between the numbers given 
by Despretz (an old experimenter), and those of later 
observers, as Calvert, Johnson, and others. The former 
estimating the power of gold as 1000, makes platinum 
981, silver 195, copper 180, iron 75, zinc 73, tin 64, 
and lead 36. Calvert and Johnson make silver the best 
conductor, and calling its power 1000, state gold to 
conduct with a power equal to 981 ; and then show how, 
by alloying the latter down to .991, its conducting power 
is reduced to 840. 

Metals conduct electricity, and this power is made 
extensively useful in the many thousand miles of metal- 
lic wires employed for the purpose of carrying electric 
currents over Europe and other quarters of the globe 
for telegraphic purposes. Davy, Becquerel, and others, 
have, at different times, estimated their power of con- 
duction ; and the following results have been arrived 
at by the latter experimenter. Assuming the number 
100 as the conducting power of silver, copper will be 
91.517, gold 64.96, cadmium 24.579, zinc 24.068, tin 
14.014, iron 12.360, lead 8.277, platinum 7.933, and 
mercury 1.788. These numbers were fixed by ex- 
perimenting upon the metals at 32° F., but if they are 
examined at a higher temperature (212°, for example), 
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great diminution takes place in condacting power, and 
that not uniformly, as some lose it much more in pro- 
portion than others, by thus raising temperature. 
Again, purity of the metal is essential ; an impure metal 
(even slightly so) conducts much more imperfectly than 
when chemically pure. Thus, Matthiesson shows in a 
late paper in the Phil. Tram. (Feb. 1861), that "pure 
copper conducts much better than any of its alloys." 

If the connection between the poles of a voltaic 
battery be made by a wire, the current, by this con- 
duction, will pass freely; but if such wire be too small 
for the quantity of electricity which has to pass through 
it, th^ impediment thus ofiFered will be evinced by the 
wire becoming red hot. Hence, we have a means of 
determining roughly the relative conducting power of 
metals, by employing the same battery power upon 
small, equal-sized wires of each, and then observing how 
long a portion can thus be heated. 

On the other hand, a wire may thus be made to indi- 
cate the quantity of electricity traversing a battery by 
the length the battery will be capable of rendering 
incandescent. A striking way of showing the diflfer- 
ence between two metals in this power consists in 
making a compound wire of some 6 inches long, com- 
posed of alternate short lengths of platinum and silver ; 
this, with a properly proportioned battery power, will 
show, while the current is passing, alternate red-hot 
platinum links, with cool silver ones; the platinum 
being the worse conductor, offers such a check to the 
free passage of the electric current that it becomes red 
hot, while the good conducting power of the silver 
allows of its free transmission. 

The term "specific gravity" is synonymous with 
density, and the densest bodies in nature are found 
amongst the class Metals. Now by estimating the 
density of a metallic substance, we may often obtain 
some clue to its nature, hence we must here examine 
the methods applicable to this end. 

The specific gravity of a body may be defined to be 



GENERAL PROPERTIES OF THE METALS. 



85 



the weight of an accurate bulk of such body as com- 
pared with the same bulk of another; the latter brings 
some fit one chosen as a standard to which all other 
solids and fluids are so compared. For this purpose 
pure water is employed, and of a fixed temperature, 
viz., 60° Fahrenheit. Water has been adopted for the 
following reasons: First, it is always to be had; sec- 
ondly, it is uniform in composition; and, lastly, pos- 
sesses certain available qualities which will be seen to 
be essential. Water then is called unity, or 1000. 




Now, suppose we have a fragment of metal, and desire 
to know its specific gravity, the following is the pro- 
ceeding : First, weigh the mass accurately in a delicate 
balance, and note the weight; next place under the 
same arm of the balance a gla.ss of distilled water at 60° 
temperature ; and from a small hook, which is generally 
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placed below the short haog pan, furnished to balances 
adapted to this operation, hang the metal by a fine 
horsehair, and allowing it to dip below the surface of 
the water, so as to be completely immersed; again 
weigh. It will now be found to weigh less than in air, 
and the difference between the two weighings will be 
exactly the weight of the bulk of water displaced by 
the solid ; in fact, we have accomplished the apparently 
impossible task of weighing a bulk of water mathe- 
matically equal to the bulk of the irregularly shaped 
piece of metal. 

Now having obtained these two terms, viz., the 
weight of the metal and the weight of an equal bulk of 
water, it only remains to work out a question of pro- 
portion thus stated. As the weight of the bulk of 
water is to the specific gravity of water, so is the weight 
of the metal to its specific gravity. And, further, as 
the middle term here is unity, it simplifies the question 
into dividing the weight of the metal by the weight of 
water. 

But giving an example will at once render this 
plain. Having a small fragment of metal to operate on, 
I weigh it, and find its weight is 92.71 grains ; then on 
suspending it in water, its weight is reduced to 80.01 
grains ; thus the loss, or 12.7 grains, is the weight of 
the water displaced. Then the following calculation 
gives the specific gravity required : — 

Weight Sp. Grav. Weight Sp. Grav. 

of water. of water. of metal. required. 

As 12.7 : 1000 :: 92.71 : 7.8 

But it is frequently required to obtain the specific 
gravity of bodies, which being in fragments, we are 
unable thus to suspend to the pan of a balance, but we 
may in such a case get the same data by employing a 
specific-gravity bottle, such as is commonly used for 
fluids ; where, of course, accurate comparative bulks are 
easily obtained by filling a bottle, and weighing, thus 
doing away with the need of any calculation. Now as 
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the bottles ordinarily sold are often not very well con- 
structed for their purpose, I will describe a good form ; 
when the reader may notice one or two points upon 
which their efficiency much depends. 

A bottle is blown of glass, and Fig. 2. 

for the purpose of experiments on 
solids it should not be too thin, for 
a balance may be employed in 
these cases capable of carrying 
some 2000 grains in each pan. It 
is best of a pear shape, and may 
be made to contain any quantity, 
as, for example, 250, 600, or 1000 
grains, but the latter is the capacity 
most suitable to our purpose. Its 
neck should be large, viz., of about 
half an inch internal diameter, and 
fitted with a stopper formed out 
of a piece of capillary tube, the 
npper and lower ends of this stopper being cupped out 
as in the drawing; the lower cup prevents any air 
being retained between the upper surface of the water 
and the stopper,* which is apt to be the case when it 
is not so hollowed. The upper cup retains any of the 
water which may escape by expansion ; for as the com- 
plete fulness of the bottle is insured by putting in the 
stopper where the water is quite at the top of the neck, 
the excess is squeezed out on stoppering, and so over- 
flowing, the outside of the bottle requires careful wiping, 
during which operation the temperature will in all 
probability be raised. Here, then, the upper cup comes 
into use to retain the fluid forced out by this expan- 
sion. 

The adjustment is performed by the maker, who 
grinds in the stopper to a point where, at a given tem- 
perature, exactly 1000 grains will be contained. But 

* The bottle is represented as not qaite fall, in order to make 
plainer the shape of the stopper. 
4 
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as this is an operation requiring much care and time, 
it should al ways be veri fied before first using it. Lastly, 
it should be supplied with a counterpoise weight, cor- 
responding exactly to the weight of the bottle, plus 
1000 grains of distilled water. 

Now to take an example of the application of such a 
bottle to our purpose, let us suppose it is desired to 
obtain the specific gravity of a form of silver amalgam, 
which is granular in texture. The bottle is first filled 
with water (previously brought as near as possible to 
60° F.), the temperature is then accurately adjusted by 
putting in a fine cylinder thermometer and stirring the 
fluid with its stem (an operation easy of performance 
from the width of the neck of the bottle), till correct, 
then, after warming up by a vessel of hot water, or 
cooling down, the stopper is put in so as to retain its 
exact quantity of water. 

Next, a carefully weighed portion of the amalgam is 
put into the bottle, and the stopper again inserted; 
after which the overflow water, caused by this intro- 
duction, is quickly and well wiped off. It then has to 
be weighed against its counterpoise, having first veri 
fied its temperature, and it will of course be found that 
weights have to be added beyond the counterpoise, but 
less than the weight of metal put in. The difference 
between the present added weight, and the previous 
one of the amalgam, will of course give the weight of 
the bulk of water, equivalent to that of the body under 
examination. Lastly, the remaining steps of the ope- 
ration are precisely the same as in the one first de- 
scribed. 

In both of the operations detailed it is necessary to 
employ a balance, but we will examine a third, where 
this instrument may be dispensed with, by the employ- 
ment of the gravimeter for the purpose of obtaining 
these weighings. 

The gravimeter consists essentially of a hollow ball 
capable of floating in water, and furnished with a lower 
and upper stem, the latter being formed of a slender 
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wire having a zero line marked upon it. If made as 
free as pos8ibIe from sources of error, it should be of 
a bulk which, im- 
mersed in water at ^R- 8. 
60® up to this stem 
line, would displace 
exactly 1000 grains of 
that fluid ; while the 
actual weight of the 
instrument should be 
700 grains, oonse* 
quently, to sink it in 
water to the stem 
mark, it would be re- 
quisite to put weights 
amoanting to 800 
grains into the upper 
dish. It is evident, 
then, that we have 
here the means of ac- 
tually weighing any 
substance amounting 
to not more than 800 
grains in weight, by 
putting it into the 
upper dish, and add- 
ingweights till thein- 
strument is brought 
down toits zero mark, 
when, by deducting 
their amount from 
the 800 grains, requi- 
site so to sink it, the weight of the solid is obtained. 

But let us work out the first example given by 
means of the gravimeter. Suppose the portion of 
metal mentioned at page 35 be taken ; let it be placed 
in the upp)er dish, and the instrument then be floated 
in a capacious glass vessel of distilled water at 60® F., 
as shown in the drawing. It will then be found that, 
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in order to sink the gravimeter to zero, weights to 
the amount of 207.29 grains must be added. Now 
this, deducted from 300 = 92.71, the weight found be* 
fore by the balance. The mass of metal is then 
removed, placed in the lower dish, and the instrument 
immersed as before, when a second addition of weights 
will be required, viz., of 12.7 grains ; this, then, is the 
weight of water displaced. And, lastly, having ob- 
tained these terms, it only remains to calculate the 
result, as in the former operation. 

The temperature 60° F. is now almost universally 
employed as the standard temperature at which all 
specific gravity should be taken; and when it is re- 
membered that all bodies expand by heat, and that in 
greater proportion as their density decreases, it will 
be evident that n^uch care is required to insure accu- 
racy in the temperature of the water, as a given bulk 
will weigh considerably less, if we raise its temperature 
even but a few degrees. 

The metals have been divided, dependent on their 
specific gravities, into two classes, viz., heavy and light. 
Thus all the metals of our first class, as also those of 
the first and second orders of the second class, have 
specific gravities ranging from 5.3 to 21.6; hence these 
have been called heavy metals ; while, on the other 
hand, the specific gravities of the remainder, being 
from 0.693 to 6.0, have given them the title of light 
metals. 

The specific gravities of the principal metals are here 
given, but it must be remembered that these are sub- 
ject to variation, dependent upon the mechanical con- 
dition of the metal; and as an extreme example of this, 
may be given Dr. Wollaston's estimates of platinum 
under its various stages of manufacture. 

Cake Platinum, when from the press . , 10.0 
Platinum after contraction by heat, but before 

forging 17.0 to 17.7 

After forging, when ready for manu&cture . 21.25 
After drawing into wire . . . .21.5 
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Specific Oravities of 9ome of the Principal Metals, 



Platiaum 


. 21.50 


Cobalt . 


. 8.95 


Gold . 


. 19.34 


Nickel . 


. 8.82 


Uranium 


. 18.4 


Iron 


. 7.84 


Mercury . 


. 13.59 


Tin 


. 7.30 


Palladium 


. 11.80 


Zinc 


. 7.00 


Lead . 


. 11.35 


Antimony 


. 6.71 


Silver . 


. 10.58 


Aluminium , 


. 2.60 


Bismuth . 


. 9.80 


Potassium 


. 0.86 


Copper . 


. 8.93 


Lithium . 


. 0.593 


Cadmibm 


. 8.60 







It has just now been stated, that some clue may 
often be obtained to the composition of an alloy by 
taking its specific gravity ; and although, in many 
cases, mixtures of metals of different densities may 
give a mean specific gravity varying just in proportion 
as the lighter or heavier component predominates, yet 
the law does not universally hold good ; for, in some 
cases, where we fuse metals together, we get expansion 
of the alloy, and in others contraction. 

In such cases, of course, the specific gravity would 
not indicate composition. But there are many where 
we may make use of it; for example, in mixtures of 
gold and silver, or gold, silver, and copper — the usual 
constituents of gold coin and plate. Suppose such a 
mixture be examined, and the specific gravitv found 
to be about 18A With the previous knowleclge that 
standard gold consists of 22 parts of pure gold com- 
bined with 2 parts of alloy, and, further, that the 
specific gravities of gold, silver, and copper are some- 
where about 19.25, 10.47, and 8.89, respectively, we 
should, by a simple calculation, discover that the alloy 
was stanaard gold : or, similarly, if it was found to 
be only about 16.8, we should know that it was 18- 
carat gold ; that is, gold containing 18 parts of pure 
gold, with 6 parts of alloy. But, of course, such esti- 
mates can only be used as mere approximations to 
composition, and must be taken in connection with 
other physical appearances influencing the judgment 
of the operator in such cases. 

4* 
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CHAPTER IL 

GENERAL VIEW OF THE COMBINING PROPERTIES OF THE 
METALS. 

The term "chemical affinity" is given to a force ex- 
isting in bodies, disposing them to unite with each 
other, and form new compounds; and it will be neces- 
sary to draw a line between cases of true chemical 
combination and those of simple mixture ; the former 
being the method by which the metals commonly 
unite with non-metallic elements, the latter when they 
are combined amongst themselves, as in the formation 
of alloys; although true chemical combination does 
sometimes take place in the latter cases. If spirit be 
added to water, it can be done in any proportion, and 
the resulting mixture will, as regards chemical and 
physical properties, be a mean of the two components ; 
that is to say, it will partake of the characters of both, 
those of one or other predominating, just as one or 
other may have been in excess. 

This is true of solids and liquids, or of solid bodies 
like the metals, when united by liquefying them. For 
instance, if gold and silver be fused together, or gold 
and silver be dissolved in the fluid mercury, the same 
remarks as to a kind of equalization of sensible pro- 
perties generally hold good; such combinations being 
ones of simple mixture, wherein true chemical union 
does not really come into play. Although it must be 
admitted that, in the case of bodies mixing, or of one 
dissolving in another, such mixture is due to what 
chemists term an affinity existing between them. Thus 
we may attempt to dissolve camphor in water, but 
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here this affinity is so feeble that an exceedingly small 
proportion will be dissolved ; while, on the other hand, 
if we employ alcohol in place of the water, a very 
large quantity of the solid will be taken into solution. 
Then, if water be subsequently added to such a solu- 
tion, the spirit is said to have a greater affinity for 
water than for the camphor; and this fact will be 
evidenced by the separation of the camphor again in 
the solid form. 

True chemical combination is the result of the high- 
est form of attraction existing between bodies of dis- 
similar characters; and, indeed, the greater this dis- 
similarity, the stronger this attraction appears to be 
exercised : and the new compound is always marked 
by an entire change, not only of its chemical relations, 
but also of its physical characters. In the latter 
respect, great alteration of color and density is the most 
remarkable. 

But a few examples will illustrate these points. 

In the air we breathe, there is a necessity that the 
elements of which it is composed should be easily 
separable; hence they are held together as a simple 
mixture or the two gases, 21 parts of oxygen being 
mixed with 79 of nitrogen per cent., and the resulting 
compound is a colorless, elastic, gaseous body, which 
has the characters of each of its constituents ; those of 
the one being modified in force by the presence of the 
other. Hence the act of respiration suffices to rob 
such a mixture of oxygen, and in the air expired we 
could not only discover this, but that the oxygen so 
removed had been chemically combined in separate 
portions with carbon and hydrogen, and so carbonic 
acid, and water formed. 

But these same two elements, oxygen and nitrogen, 
may be indirectly brought into true chemical combina- 
tion in several proportions, when compounds very 
different in properties to either constituent are ob- 
tained. Thus, if we distil nitrate of potassa with sul- 
phuric acidy we obtain a compound of the elements 
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under consideration, but in the form of one of the 
most corrosive acid liquids known, and which, if ex- 
amined, would be found to consist of 74 parts of oxygen 
with 26 of nitrogen per cent., associated with 14 parts 
of water ; and although this water is necessary to the 
existence of the acid under ordinary circumstances, 
yet it may be obtained* free from it ; and, when this 
has been effected, we get a simple chemical compound 
of two gaseous bodies, in the form of a transparent^ 
colorless crystal. 

Suppose a piece of copper be digested in some of 
the liquid acid mentioned : chemical action is set up, 
and, under the influence of the a£5nity of the metal 
for oxygen, a portion of the acid will be decomposed 
to oxidize the former. The oxide of copper so.formed 
will immediately enter into combination with some un- 
decomposed acid, producing a salt of' copper; and this 
may be crystallized out in deep blue crystals, which 
have no character in common either with the acid or 
the metallic oxide constituting them. 

During the solution of the metal, the remaining 
elements of the decomposed portion of the acid escape 
as a colorless gas, composed of 53 parts of oxygen 
with 47 of nitrogen; but this, again, has so great an 
affinity for oxygen, that it takes sufficient from the air, 
into which it escapes, to bring the relative percentage 
proportions of oxygen and nitrogen to 79 and 80 — a 
compound existing as a red gas, having strong acid 
properties. 

The action taking place in the formation of all true 
chemical compounds is exerted between the ultimate 
particles or atoms of the constituents, hence these must 
be in condition of close contact. This is sufficiently 
effected in some cases by mechanical separation; in 
others, by the solution of one or both. Thus, if we 
heat a mass of copper, its surface becomes oxidized by 
the air, and, afler this, action ceases ; but if copper be 
taken in a finely divided state, and then but slightly 
raised in temperature, rapid oxidation is effected, the 
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metal often exhibiting the energy of the union by in- 
candescence: the increased amount of action set up in 
the latter case, being entirely due to the fine state of 
division of the metal, affording close contact between 
the particles of the acting bodies. 

An alkaline carbonate (that of soda, for example) 
may be intimately mixed with 'finely-powdered citric 
acid, and no change will be effected ; but if the mixture 
be dissolved in water, the particles are brought into 
intimate contact by solution, and violent action is at 
once set np, the alkaline carbonate decomposed, its 
acid being set free in a gaseous form, and a new com* 
pound of the soda and citric acid results. 

Chemical afBinity may be assisted by the influence 
of heat, light, or electricity, as the following examples 
will dennonstrate : — 

First An illustration or two as to heat. If a stream 
of coal-gas be allowed to flow from an ordinary burner 
into the air, it will mix unchanged with the latter, as 
evidenced by the odor of the diffused gas. But if the 
heat of a flame be brought to the jet, its affinity for 
oxygen of the air is at once sufficiently exalted to cause 
combination, after which the heat accompanying the 
chemical action suffices to maintain it, and portions of 
carbon combine with oxygen to form carbonic acid, 
while the hydrogen of the gas, also with oxygen, forms 
water ; and if there be any sulphur accidentally pre- 
sent in it, this in like manner will, assisted by the 
water present, form sulphuric acid. The simple rais- 
ing of temperature thus upsets the balance of affinity, 
which results in a new series of compounds. 

Again : If zinc be heated in a crucible to about 773^ 
it fuses, but remains unchanged ; but if the tempera- 
ture be raised a few degrees, the vapor of zinc at 
once enters into combination with oxygen derived 
from the air ; and the chemical change so produced 
upon the metal is evidenced by copious evolution of 
light, and also a dense white cloud, produced by the 
powder of oxide of zinc, which continues to be formed. 
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Secondly. Aa to the effect of light. The formation 
of hydrochloric acid under its influence may be given 
as an example. If we mix equal volumes of chlorine 
and hydrogen gases, and keep them in the dark, no 
action will take place ; but if they be exposed to the 
sun's rays, chemical union ensues, and so energetically 
as to produce a considerable explosion, and the mix- 
ture combines chemically, forming an intensely acid, 
but colorless gas. 

Thirdly. The various methods now in use for reduc- 
ing metals from their solutions for electro-metallurgio 
purposes may be given as examples of the effect of 
electrical currents upon affinity ; and a yet more sim- 
ple illustration is afforded by the decomposition of 
water. If we slightly acidulate some water, so as to 
render it a good conductor of the electric current, and 
then bring the terminal wires or poles of a voltaic 
arrangement into it, we at once upset the ordinary 
affinity of each particle of oxygen and hydrogen gases 
(composing each atom of water) for each other; but, 
at the same time, the affinities become exalted between 
adjacent particles of the opposite gases, so that, by 
this, each atom of hydrogen will, as it were, move in 
one direction, whilst each atom of oxygen passes in 
the opposite ; the result of which transfer of affinity is 
manifested by the appearance of a free and uncombined 
particle of oxygen at one pole, and a similar one of 
hydrogen at the other. 

Now, it will be seen by the above examples (analyti- 
cal as well as synthetical) that chemical affinity is a 
force exerted between the ultimate particles of matter ; 
secondly, that by its influence, new combinations of 
elements are produced, which bear no relation to their 
constituents, either physically or chemically; and, 
thirdly, that this action is one totally distinct from or- 
dinary affinity, as shown in cases of mixture, the solu- 
tion of salts, formation of alloys, &c. 

By synthetical operations are meant those whereby 
new compounds are built up; and by analytical, 
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those of decompoBition, or breaking up of existing 
compounds. 

The working out of these two classes of changes is 
controlled by certain fixed and definite laws; and, for 
the consideration of metallurgic operations, it may 
sufiBce to elucidate the two leading ones. 

The first is, ihcU all chemical compounds are perfectly 
definite in tfieir nature and constitution^ and that the ratio 
of their elements is constant. 

The second, that the combining qiuzntiiy of a compound 
is the sum of ihe combining Quantity of its cofisliluents. 

Now as to the first law. The combining quantities 
of all simple bodies may be expressed by proportional 
numbers; and, in this country, the combining number 
of hydrogen is called 1, or unity : hence, by experi- 
ment, oxygen would be found to be 8, and sulphur 16. 
But, in place of this series, in some places one is em- 
ployed where oxygen is called 100; hence sulphur 
would be 200 (being double the number of oxygen), 
and hydrogen (one-eighth) would be exactly 12.5. 

It was formerly argued by Dr. Prout that, taking 
hydrogen as unity, all other bodies possessed numbers 
which were simple multiples (by a whole number) of 
the former; and Professor Daniell used justly to go so 
far as to say that, as the errors of experiment are often 
in excess of the fractions of equivalent numbers, we 
might, in ordinary operations, employ the nearest whole 
number as the equivalent of a body. As from time 
to time, however, accurate research bas thrown doubt 
upon this hypothesis of simple multiples, the matter 
has been constantly discussed, and lately seems to be 
set at rest by the elaborate and accurate researches of 
Stas upon the equivalents of certain bodies. In these, 
he operated upon their compounds by several different 
processes, and yet obtained in all cases precisely the 
same results as to fractional quantities over and above 
the whole number. And, moreover, these results were 
obtained by very delicate operations upon large quan- 
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titles, whereby the fractionsi were rendered more nota- 
ble and trustworthy. 

The term " equivalent" is applied to these numbers, 
and it is peculiarly expressive : for we shall see that 
the combining quantity, or number of one, is just 
equivalent to that of another, and, in forming new 
combinations, must be substituted for it. 

It is here worthy of note that some elements have 
precisely the same combining number. Thus platinum 
and iridium are each 98.66. Again, cobalt and nickel 
are 29.5 ; and, when this is so, there is always corre- 
sponding analogy in chemical bearings or relations. 

But, to apply these laws to examples already given. 
In forming water, 1 part of hydrogen must be united 
with 8 parts of oxygen, and, according to the second 
law, these will form 9 parts of water (by weight) ; 
hence the combining number of water is 9. 

Again: In forming oxide of copper, 8 parts of 
oxygen, or 1 equivalent, will be combined with 81.7 
of copper ; hence the equivalent of oxide of copper is 
89.7. Then, in the formation of nitric acid, 1 equiva- 
lent of nitrogen, 14, is combined with 6 of oxygen 
(5x8e«40), to form 64 parts of nitric acid ; and thus 
an equivalent of dry nitrate of copper would have the 
combining number of 89.7 + 64=98.7; but the crys- 
tals spoken of contain 6 equivalents of water, or 
6 X 9a 64; therefore the equivalent of crystallized 
nitrate of copper is 98.7+64=147.7. 

Again : If we wished to form chloride of copper by 
acting upon oxide of copper by hydrochloric acid, the 
8 of oxygen of the 89.7 (oxide of copper) would com- 
bine with the 1 of hydrogen of the 86.6 (hydrochloric 
acid), and form 9 of water ; while the 86.6 of chlorine 
would take the 81.7 of copper, and produce an equiva- 
lent of chloride of copper =67.2. 

In these examples combinations of single equivalents 
have been given generally. Where, however, an ele- 
ment combines in more than one proportional, it must 
be in multiples of the combining number. Thus, in 
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the combinations of lead and oxygen, we have first 
one where 2 equivalents of lead, or 207^ parts, are 
combined with 1 equivalent, or 8 of oxygen ; next, an 
oxide where 1 equivalent, or 103.6 of lead, unites with 
1 equivalent, or 8 of oxygen. Then one where 1 of 
lead, or 103.6, is combined with 2 of oxygen, or 16 ; 
and, lastly, one where 3 of lead, or 310.8 parts, are 
united with 4 of oxygen, or 32 parts. 

In conclusion, and as another example, which may 
be carried on to more complex combinations, let us 
examine a portion of ordinary iron pyrites. If we 
analyzed 100 parts of this, we should find it composed 
of about 46 parts of iron to 54 of sulphur. Now this 
is in the ratio of 28 parts, or 1 equivalent of iron, to 
32 parts, or 2 equivalents of sulphur ; hence we say 
it is a bisulphide of iron, and its equivalent is 60. 

If bisulphide of iron be broken up and exposed to 
air and moisture, and subsequently digested in water, 
the water, on filtration and evaporation, would afibrd 
green crystals. This salt is formed under the influence 
of moisture and exposure to air, by the union of oxygen 
g|s derived from the air, not only with the iron con- 
verting it into oxide of iron, but also with the sulphur 
forming sulphuric acid. Hence, on analysis, the fol- 
lowing changes would be found to have taken place : 
Each 16 parts of sulphur would have appropriated 24 
parts (or 3 equivalents) of oxygen, and so formed 40 
parts, or 1 equivalent of sulphuric acid* 

Then each equivalent, or 28 parts of iron, by taking 
1 equivalent, or 8 of oxygen, becomes 1 equivalent, 
or 36 parts of oxide of iron. Next, the 40 of sulphuric 
acid, with the 36 of oxide of iron, form 76 parts of 
sulphate of iron: but, further, the existence of the 
salt requires 63 parts, or 7 equivalents of water ; hence 
the equivalent of crystallized sulphate of iron is 76 
+ 63 - 139. 

Thus much of these laws must have been discussed 
herC; for they form the very basis of all chemical and 
metallurgic operations. Indeed, in the simplest ope* 
6 
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rations of analysis, oar discrimination of unknown 
constituents is founded upon the preknown physical 
changes of color, form, and the like, we are able to 
produce, supposing certain substances are present; 
while our calculations, in all examinations of quantities, 
are founded entirely upon the certainty of these laws. 
For example, if a portion of the salt described be dis- 
solved in water, and a small quantity of potass or any 
alkali added, the clear liquid is immediately filled 
with a dense, dirty, green precipitate, which would 
soon, by exposure, become actually rusty. This would 
evidence to the inquirer the presence of iron, which 
would be farther proved by the addition of some ferro- 
cyanide of potassium to another portion of such a solu- 
tion ; it being known that with iron present Prussian 
blue is always formed on such addition. 

Then, supposing it was desired to learn the actual 
quantity of iron and of sulphuric acid in the salt just 
referred to, it may readily be done by separating first 
one and then the other, in solid weighable states, by 
the addition of certain reagents which would convert 
each into other and insoluble compounds. # 

Then, as the constitution of all chemical combinations 
is perfectly definite in the ratio of these constituents, 
we have only thus to learn the accurate weight of the 
new forms we have given the iron and sulphuric acid 
in their new compounds, when we can arrive with 
certainty at the* weight of their constituents. 

Before passing from this part of the subject, a few 
words must be said with regard to nomenclature. 

The metals themselves have received names in a 
somewhat arbitrary manner; some names, still in use, 
have been handed down to us from early ages, their 
origin being unknown; others are based upon some 
peculiar and distinctive property, either of the metal 
itself, or of the ore whence it is obtained ; and these 
generally terminate in the syllable um. 

Thus the name Barium is derived from /3opv^ heavy, 
from the great density of its compounds ; and Chromium 
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from zc**t**if color, becaase all preparations coataining 
the latter are distinguished by strong, decided colors. 
Copper derives its name from the island of Cyprus, 
whence it was first obtained. 

Again, some metals, as Nickel and Cobalt^ have re- 
ceive names more in the nature of epithets. Thus 
Kobold, an evil spirit, suggested to the German miners 
the name of cobalt, as the metal was found in other 
workings, and being at the time useless, its occurrence 
was looked upon as a bad omen. Nickel, also, was so 
called from its similarity in appearance to copper, caus- 
ing them to attempt the extraction of copper from it. 

Where the metals are united with non-metallic ele- 
ments to form binary compounds, the names of both 
constituents are retained, the non-metallic one generally 
terminating with the syllable ide. Thus, when oxygen 
and iron combine, we say an oxide of iron is produced ; 
when sulphur and copper, a sulphide of copper; or, 
when chlorine with mercury, a chloride of mercury ; 
and so forth. 

But the non-metallic elements (as, indeed, the metals 
ihemselves), in uniting with oxygen, form two classes 
of compounds ; and viewed as to their further combi- 
nation to form the more complex ones called salts, the 
first class are said to possess basic or alkaline proper- 
ties, and the second acid ones. Thus, the first includes 
alkalies, alkaline earths, and oxides proper. The sec- 
ond, or acids, take their name from that of the body 
whence they are formed, but assume a terminal vary- 
ing according to the amount of oxygen contained ; that 
is to say, in those cases where mpre than one acid is 
formed from the same substance, by its appropriating 
different proportions of oxygen. Thus, 1 equivalent 
of arsenic unites with 3 of oxygen to form arsenious 
acid; a second combination of the same elements in the 
proportions of 1 equivalent to 6 giving arsenic acid ; 
these terminations being used, just as in the case of 
sulphur or phosphorus, which, united with different 
proportions of oxygen, form, with the smaller quanti- 
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ties, phosphoroas and salphorotis acids, but, in the 
higher degrees of oxygenation, phosphoric and sulphu- 
ric acids respectively. 

Some metals may form, with oxygen, compounds of 
either class. Thus antimony, with its lowest propor- 
tion of oxygen (where 1 equivalent of antimony unites 
with 3 equivalents of oxygen), forms teroxide of anti- 
mony ; next, where 2 equivalents of antimony take 8 
of oxygen, antimonious acid is produced; while the 
compound of 1 of antimony with 6 of oxygen (the 
highest degree of oxidation of the metal), gives anti- 
monic acid. 

In the designation of these binary compounds of non- 
metallic with metallic elements, affixes, derived from 
the Greek and Latin, are used, which serve to indicate 
their composition. Where a metal unites with only 1 
equivalent of oxygen or chlorine, for example, we term 
the compound resulting simply a chloride or an oxide 
of the metal ; but, if more than one such compound 
exists, we then call the one where single equivalents 
are combined a protoxide, or protochloride. Next, the 
highest degree of oxidation, or chlorination, is ex- 
pressed by the prefix per, whatever this degree may 
be; whilst intermediate states are said to be sesqui- 
oxides, binoxides, or teroxides, and the like ; all these 
clearly expressing the number of equivalents of oxygen 
united with each equivalent of metal. But, as has just 
been remarked, a percompound being simply the high- 
est degree, it may mean any one of the above, so long 
as it really is a compound where the largest amount 
possible is united with the metal, the exception to this 
being only certain metallic acids. It may be just 
noticed here that the term seaqui, implying one and a 
half, is explained by saying that two equivalents of 
the metal are united to three of the metalloid, by which 
explanation the anomaly of speaking of half equivalents 
or half atoms is avoided. 

Passing to the more complex combinations of metallic 
salts, the same endeavor to express composition by 



COMBINING FB0FSBTIS8 OF THE MSTALS. 68 

nomenclature is made. The termiDations aiu and tc, 
of the acids, are converted into ite and aie^ respectively. 
Thus we speak of arsenite, or arseniate, of potass, or of 
sulphite, or sulphate, of lead, omitting the word oxide, 
although such salts are actually formed by union of the 
acid with the oxide of the metal (not with the metal 
itself). If the true composition were expressed by the 
name, we should say sulphate of oxide of lead in the 
last example ; but the omission has become an estab- 
lished custom — no doubt founded upon the law of these 
binary compounds uniting only with bodies of similar 
constitution. 

But where different sirlts may result from the union 
of the same acid with oxides of the same metal of dif- 
ferent degrees, it is customary to put the oxide prefix 
before the acid. Thus, when we speak of a protosul- 
phate of iron, we mean a sulphate of the protoxide ; 
and so, if we wished to designate the sulphate of the 
protoxide, we should call it persulphate of iron. 

The above remarks afford an argument in favor of 
the free use of symbolic expressions and formulse; as 
although, in the cases above given, the terms are toler- 
ably expressive, yet they may be misunderstood, espe- 
cially in the case of the more complex forms. Thus 
the formula FojO,, 8SO3 + ^^^ expresses most per- 
fectly and concisely the salt last spoken of, describing 
also a state in which it is at times found native in 
combination with water. 
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CHAPTER III. 

COMBINATIONS OF MBTALS WITH THE NON-MffTALLIO 
SLEMBNT3. 

The metals have generally a very strong tendency 
for union with the non-metallic elements, and so form 
binary compounds with them, a simple body thus com- 
bining with a simple one. The classes of oxides, chlo- 
rides, sulphides, &c., are produced in this way; and of 
these the first class, viz., the oxides, forms the most 
considerable and important one. 

Some metals by heating, with free exposure to air, 
at once lose their metallic character, and assume that 
of an earthy-looking mass; such was called, in old 
times, the "calx" of a metal, whence arose the term 
calcination; the change effected by the operation being 
really oxidation, by combination of the metal with 
oxygen abstracted from the air. 

Their affinity for oxygen varies much in amount; 
in some it is so powerful that they can only be pre- 
served in the metallic state by immersion in a men- 
struum which contains no oxygen, or else by sealing 
them in glass tubes with as little air as possible, simple 
contact with air sufficing to oxidize them. Thus potas- 
sium and sodium are kept in mineral naphtha, a body 
composed of hydrogen and carbon only, and yet, even 
under these favorable conditions, their surface will 
slowly oxidize. 

A striking illustration of their affinity for oxygen 
is afforded by throwing some potassium upon the sur- 
face of a basin of water. It immediately robs the water, 
upon which it rests, of oxygen; and so great is the 
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heat attending combination, that the hydrogen set free 
is inflamed, and burns with a flame color^ violet by 
the metal, which is volatilized by the heat generated. 

A second class will be slowly and quietly oxidized 
by exposure to air, especially if it contain the least 
trace of moisture; but, in these cases, the action is, of 
course, superficial, and hence the newly-formed oxide 
will act as a protection to the metal below it, by pre- 
venting subsequent free action of the air. 

Thus lead or iron becomes superficially rusted or 
tarnished, and this surface removed, the same action 
will again be carried on. Many of these oxidize very 
readily upon fusion, and from such the separation of 
oxygen is a task of some difiiculty. Thus lead may 
be entirely converted into oxide; and zinc, when 
heated somewhat above its fusing point, will manifest 
the intensity of combination by actual combustion, the 
oxide being thrown off as white fumes. Some metals 
are thus combustible; and, indeed, in most cases, their 
combustion merely depends upon sufficiently powerful 
means being employee! to effect it. For we may burn 
iron in very considerable mass, if we first heat it, and 
then throw a jet of oxygen gas upon it. Thus the 
whole will be converted into oxide. 

There is yet a class of metals which cannot be made 
to combine directly with oxygen, and, moreover, whose 
oxides, when obtained by secondary means, may have 
their oxygen easily separated by heat alone. 

Many metallic oxides are found in nature, and con- 
stitute principal ores of their respective metals. Thus 
brown iron ore is an oxide, and tin, manganese, and 
chromium, with several others, are obtained from their 
respective oxides. 

There are four methods of artificially forming them. 
First. The heating of a metal, in air or in oxygen gas, 
suffices to convert it into an oxide, and, in this way, 
some oxides so. formed may be converted into others 
of higher grades. But this plan is chiefly applicable 
to form oxides which are fusible or volatile. The or- 
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dinary red lead of commerce is so formed; lead is first 
heated, without allowing it to fuse; thus a protoxide 
is produced. This is then exposed to a temperature 
' of 600°, a current of air being at the same time thrown 
upon its surface, whereby an additional quantity of 
oxygen is absorbed, under the influence of the slight 
increase of temperature, which changes the whole into 
the beautiful red pigment. 

Second. If we heat the nitrate or carbonate of a 
metal to redness, the acid will be evolved and the 
oxide left. By thus exposing the white carbonate of 
lead to heat, its color soon changes to a lemon yellow; 
and, on examination, it would be found to have been 
deprived of its acid, and a protoxide left. 

Again, the best method of forming oxide of copper 
consists in acting upon the metal by nitric acid, and so 
obtaining a nitrate; then, by drying and heating to 
redness, the oxide will remain. In this case, the metal 
is oxidized by decomposition of some of the acid in 
forming the nitrate, and the subsequent isolation of the 
oxide is simply (as before remarked) caused by the 
evolution of the acid of the salt, under the influence of 
the heat to which it is exposed. 

In the case of some metals so acted upon by nitric 
acid, we do not get the subsequent formation of a salt 
carried on, and the oxide remains suspended as a 
powder in the undecomposed acid. But such a result 
depends really upon the newly-formed oxide having 
acid properties. Hence, by means of nitric acid, some 
metals, as tin and antimony, may be converted into 
acids. 

But, in oxidizing metals by the addition of some 
other acids, the acid itself remains unchanged, and the 
oxygen, in such a case, is derived from the water asso- 
ciated with it. For example, if zinc be put into dilute 
sulphuric acid, the metal, under the force of afiinity, 
decomposes the water, whose oxygen converts the 
former into oxide of zinc ; this is then seized by the 
sulphuric acid, and sulphate of zinc formed. 
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Thirdly. A constant means of obtaining the oxides 
of the metals in the laboratory consists in dissolving a 
metallic salt in water, and then adding an alkali to the 
soIatioD. The latter, by superior affinity for the acid, 
abstracts it, and the metallic oxide is precipitated. 
Thus, if some crystals of sulphate of zinc be dissolved, 
and potash be added, the potash takes the sulphuric 
acid forming sulphate of potash, while the oxide of 
zinc, set free, falls to the bottom, in union, however, 
with some of the water as a hydrate. This water may, 
however, generally be expelled by heat, although, in 
some cases, with difficulty. In others, it will be driven 
off at the temperature of boiling water, or even under 
that. Thus oxide of copper is precipitated as a green 
ilocculent hydrate by potash; but the mere boiling of 
the precipitate suffices to dehydrate it, rendering it 
black and pulverulent. 

To the above methods we may add, fourthly, one 
by which the acid oxides are formed, viz., deflagration 
with nitre. Thus, if antimony be so treated with nitrate 
of potash, it will become converted into an'timonic acid, 
but, at the same time, combine with potassa of the 
nitrate decomposed. 

When we speak of reducing a metallic oxide, we 
mean the separation of the oxygen, and the restoration 
of the metal to a reguline state. 

This is effected, in the case of the noble metals, by 
the simple application of heat. Thus, heating oxide 
of gold or silver, or platinum, to a very moderate de- 
gree, will leave a clean brilliant mass of the metal. 

Next, there exists a class rather more difficult to 
reduce^ which, in addition to heat, require some body 
to be employed which, by its affinity for oxygen, shall 
assist in its abstraction. Thus the formation of oxide 
of lead was just now spoken o^ by means of heating 
the carbonate. Now, if we continued the heat, all we 
should effect by it would be, either the fusion of the 
oxide, or else its conversion into an oxide of higher 
degree. But if a small quantity of charcoal (or carbon) 



68 COMBINATIONS OF METALS WITH 

be added, the latter will at once abstract the oxygen 
for its own coDversion into carbonic acid, and metallic 
lead will be set free. 

On the large scale, this operation is generally per- 
formed in a refractory clav crucible, which is filled 
with a mixture composed of the oxide to be reduced, 
and charcoal powder. Sometimes, instead of forming 
such a mixture, the oxide is put by itself into a cru- 
cible, which has previously been thickly lined with a 
coating of charcoal, which latter furnishes the carbon 
as the operation proceeds. 

An essential addition, in thcHe cases, is that of a 
body termed a flux (a little borax, for example), which 
is strewed over the surface of the mixture before the 
operation is commenced. This enters into fusion before 
the reduction begins ; and as soon as it does commence, 
and small grains of metal are set free, they are sur- 
rounded and kept clean by this flux, and so enabled 
to flow together in a compact button or mass. This 
is aided by the evolution of carbonic acid formed, which 
keeps up a constant circulation, assisting the clean 
globules to come together, their union being finally 
completely brought about by a few gentle taps of the 
crucible on removing it from the fire. Metals so re- 
duced generally contain traces of carbon, and even of 
boron from the borax used. 

A class of oxides, to which the foregoing treatment 
is not applicable, may be very elegantly reduced by 
placing them in a glass tube, heating it red hot, and 
then passing a current of quite dry hydrogen gas over 
them. A large two-necked bottle is fitted up in the 
usual way for the evolution of hydrogen. This has 
its delivery-tube passed into a tube filled with frag- 
ments of chloride of calcium, for the purpose of ab- 
sorbing the moisture which may be carriea over with 
the gas ; to the other end of this drying tube is con- 
nected the tube which is to hold the metallic oxide 
(generally in a bulb blown upon this). The gas-bottle 
should contain about a couple of quarts, so as to afford 
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a steady supply, and the chloride of calciara tube 
should be long and well filled. In operating, after the 
gas has completely driven out the air in the apparatus, 
heat is applied to the bulb containing the oxide, and 

Fig. 4. 




Ro its reduction will be brought about. The gas must 
be kept up in a good stream, so as to drive out the 
watery vapor formed by the decomposition. Here the 
hydrogen takes the oxygen of the oxide, and water is 
formed, while the metal is set free. All metals whose 
affinity for oxygen is lower than that of iron may be 
thus reduced; indeed, oxide of iron may itself be so 
treated ; but, in this instance, these affinities are just 
balanced : for, on the other hand, if we heat a quantity 
of iron filings in a glass tube, and then pass the vapor 
of water over them, we get the water decomposed, its 
oxygen oxidizes the iron, and its hydrogen is evolved. 
It is a fact worthy of notice here, that almost all metals 
80 reducible by hydrogen may also be reduced by the 
dry distillation of their oxalates. Carbonic acid, and 
sometimes water, is given off from the decomposition 
of the oxalic acid, and the metal in a pulverulent state 
is left. 

In the case of metals whose affinity for oxygen is 
greater than that of those reducible by the above 
means we have a powerful method in the use of a 
second metal whose affinity for oxygen exceeds that of 
the one we wish to reduce. Thus, if we heat potash 
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very strongly in contact with iron, we redace the 
former, and set free potassinm in the state of vapor, 
which may be condensed into the metallic state. But, 
in these cases, temperature has much control over the 
course of af&nities. For,* if we, on the other hand, 
mix oxide of iron with potassium, and heat gently, we 
have the iron deoxidized and potash formed. 

Some oxides will be reduced by heating with sul- 
phur. Thus the latter is oxidized, and passes off as 
sulphurous acid, while the metal is set free. Chlorine 
acts upon some few, but, in place of actual reduction, 
the metal is converted into its chloride. But the gas 
must be dry. 

Lastly, there are metals whose affinitv for oxygen is 
so strong as only to be overcome by the force of the 
galvanic current, and there are few bodies which can 
resist its decomposing influence. The sine qud nori^ 
however, being that, in order to decompose them, they 
must (to a certain extent, at least) be soluble in water. 
The most simple exhibition of this force is made in 
taking a metallic solution, as of a salt of copper, for 
example, and plunging into it a strip of clean iron. 
The latter, having a greater affinity for oxygen than 
the copper has, begins at once to be acted upon, and 
to be dissolved, especially if the solution be slightly 
acid. The iron is oxidized at the expense of the oxide 
of copper of the copper salt, and the oxide of iron so 
formed is in turn taken by the acid set free, the re- 
duced copper being deposited at the point of action, 
viz., the surface of the iron dissolving; and this would 
go on until all the copper was reduced and removed 
from the solution and replaced by iron. And, more- 
over, the changes would take place in equivalent pro- 
portions, and so, for every 31.7 parts of copper reduced, 
28 parts of iron would be taken into solution. Elec- 
trical action has much to do with this. The slight 
acidity of the solution first determines the solution of 
the iron, and the moment the least film of copper is 
deposited on it, the copper becomes the negative, and 
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the iron the positive, element of a voltaic arrangement; 
and subsequently the decomposition of the salt is thus 
carried on until its completion. 

The metals are often deposited in this way in beau- 
tiful dendritic crystals, as, for instance, in the case of 
the lead tree, where a solution of a lead salt is reduced 
by the introduction of a plate of zinc. 

Light sufi&ces to decompose the oxides of the noble 
metals. Thus, a glass vessel containing a solution of 
gold will deposit the gold in an increasing film on the 
side next the light. But Berzelius and some others 
consider that this action may be due to light in its con- 
nection with electricity. 

Metals tviih Chlorine. — Between the metals and the 
gas chlorine a most powerful affinity exists ; indeed, 
exceeding that for oxygen. If we throw portions of 
any which can be finely divided (by powdering or 
otherwise) into a jar of chlorine, we get air the phe- 
nomena of combustion, light and heat being evolved. 
In the case of most other metals, as may be shown by 
iron, a very slight rise of temperature suffices to cause 
this inflammation ; and even the noble metals, which 
resist the action of oxygen under the same circum- 
stances, will slowly and quietly absorb chlorine, if 
placed in it. 

Most of the chlorides have the physical appearance 
of salts ; some have a tough, horny appearance : they 
vary in color, and, but with a few exceptions, are 
soluble in water. Some few are quite insoluble. The 
chloride of silver, and subchloride of mercury, for 
instance; while some, like terchloride of antimony, 
are decomposed on adding water to them. 

Four methods of preparing chlorides of the metals 
may be described here. 

First. All metals, when heated in chlorine, will com- 
bine with it, the heat evolved during chemical union 
being in general sufficient to fuse off the chloride 
formed, otherwise the metal would soon be protected 
» 
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by it from further action of the gas; th^s the per- 
chlorides of iron or of antimony may be prepared. 

Second. The oxide of a metal may be mixed with 
charcoal, and then, by passing a current of dry chlorine 
over this, the oxygen will be taken by the charcoal to 
form carbonic oxide, while the metal combines with 
the chlorine. * 

Third. Those metals whose chlorides are soluble in 
water may be at once dissolved in hydrochloric acid, 
when direct combination ensues between its chlorine 
and the metal, the hydrogen being evolved in the 
gaseous form. But there are chlorides of this class 
whose metals cannot be acted upon thus; as, for 
instance, those of gold and platinum. Such are, how- 
ever, obtained by the employment of aqua regia^ where 
the nitric acid sets free chlorine from the hydrochloric, 
in such a state that it will at once combine with the 
metal ; the latter being dissolved, all excess of nitric 
acid is got rid of by evaporating the solution to dry- 
ness, and adding a little hydrochloric acid from time 
to time during this evaporation. 

But, in some cases of the above class, evaporation 
cannot be carried on in contact with the air without 
decomposing the chloride. .Thus chloride of alumi- 
nium will lose its chlorine if so treated. 

Fourth. Metallic chlorides, which are insoluble in 
water, may be precipitated by adding to any soluble 
salt of the metal an alkaline chloride, or hydrochloric 
acid. Thus chloride of silver is obtained ; and, in like 
manner, the chloride of lead, and subchloride of 
mercury, are formed. 

In reducing the chlorides, if we except those of gold 
and platinum, heat has no eflFect — not even if charcoal 
be added, provided the mixture be dry ; but, if mois- 
ture be present, decomposition is at once set up, hydro- 
chloric and carbonic acids being formed, and the metal 
set free. The following formula shows the action 
going on: 2Met.Cl.+2HO-i-C=2HCl.+CO,+2Met. 
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SalpburLo acid decomposes them from the same 
cause, the change being to as: MeUClH-SOsHOsaMet. 
O+IICL + SO,; bat here it will be seen that the metal 
is not set free, but oxidized at the expense of the 
oxygen of the water. 

Some metallic chlorides may be decomposed by heat* 
ing them in a current of hydrogen ; bat the evolution 
of the latter must be well maintained, so. as to drive 
the hydrochloric acid formed out of the reduction-tube, 
or it would react upon the freshly-separated metal, and 
the old state would be restored* 

Lastly, some chlorides may be decomposed by heat- 
ing them with a metal which has more powerful basic 
properties. Thus aluminium is obtained from its 
chloride by heating the latter with sodium. 

The elements iodine and bromine being analogous 
to chlorine in their actions and habitudes, their union 
with the metals may be effected in similar ways. The 
insoluble ones (probably the more important) may thus 
be obtained by the addition of the iodide or bromide 
of potassium to the metallic solution, when the iodide 
or bromide (as the case may be) will be precipitated, 
just in the same manner as the corresponding chloride. 

In considering combinations of the metals with sul- 
phur, it must be first mentioned that such union is 
very common in nature ; and hence many of the ores 
of the most important metals are sulphides ; and it is 
from such compounds that we derive our chief supply 
of copperi lead, mercury, silver, antimony, and several 
others. 

In the native state, the sulphides are brittle solids, 
quite opaque, and in many cases possessing a strong 
metallic lustre. This latter quality is so marked in 
some, that, in the case of iron pyrites (a bisulphide of 
iron), it has frequently, by inexperienced persons, been 
mistaken for native gold. They are frequently found 
crystalline, and of those not naturally so, many may 
be crystallized by fusing them. 

With the exception of sulphides of the alkalies, and 
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alkaline earths, they are all insolable in water. As 
already mentioned, some may be fused, and of these 
many will sublime unchanged; but, in the case of 
some containing more than one equivalent of sulphur, 
such treatment will reduce them to the state of proto- 
sulphides. The method of forming vermilion is a good 
example of the ease with which some sulphides sublime. 
The metals, in many instances, form several sulphides: 
thus potassium, for example, combines in five propor- 
tions with sulphur. As with the oxides of metals we 
get a class where, by union of a metal with oxygen, 
an acid is formed capable of neutralizing and forming 
a salt wi^h a basic oxide, so with the sulphides we 
have precisely an analogous state of thin^ ; and certain 
metallic sulphides will act as acids towards others which 
have basic properties. This is the reason of the non- 
precipitation of some metals by sulphide of ammonium, 
viz., the sulphide of the metal formed by it combines 
with some undecomposed sulphide of ammonium, and 
forms a soluble salt. Thus, if we add the latter reagent 
to a solution containing gold, the metal is precipitated 
as a sulphide, but it will be immediately thus redis- 
solved by an excess of the alkaline sulphide. 

They may be artificially formed in the following 
ways : — 

First. By heating a metal or an oxide with sulphur. 
Thus, if iron filings and sulphur be projected into a 
hot crucible, the latter being kept at a dull red heat, 
an appearance of combustion ensues — an evidence of 
the violent action taking place — and there will remain 
a metallic-looking residue, a protosulphide of iron. In 
other cases, where an oxide is heated with sulphur, the 
former is decomposed, and its oxygen with some of 
the sulphur forms sulphurous acid, which is evolved. 
Again, with alkaline earths, or alkalies, so treated, the 
resulting sulphide will contain portions of sulphate, 
and also of uncombined sulphur. Indeed, in both 
instances, viz., of metals and of oxides so treated, we 
obtain compounds by no means definite, and commonly 
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containing variable proportions of ancombined sol- 
pbar. 

Some sulphides may be obtained by beating a sul- 
phate to redness with charcoai, or by beating it in a 
glass tube, and then passing a current of dry hydrogen 
gas over it. In the first process, the charcoal takes 
the oxyfi^en of the metal, as well as that of the acid, and 
so carbonic oxide is formed and evolved, the sulphide 
being left. Thus, Met.O,So3+40-Met.S+4CO. 

But where the operation is efifected by hydrogen, 
the whole of the oxygen is separated, as in the last 
case, and water is the secondary product. For Met.O, 
S03+4H-Met.S+4H0. 

Some sulphides, and in some cases sulphur salts, are 
formed by heating a mixture of a metallic oxide and 
sulphur with carbonate of potash. If this be done in 
a crucible lined with charcoal, the metallic oxide is 
reduced, the sulphur combining first with the alkali 
forming an alkaline sulphide, which is subsequently 
decomposed at a red heat, and affords its sulphur to 
the metal, to convert the latter into a sulphide. 

If bydroeulphuric acid, or an alkaline sulphide (in 
some cases), be added to solutions of metallic salts, a 
sulphide of the metal will be precipitated. As by one 
or other of these all the metals, excepting those of the 
alkalies, alkaline earths, and earths proper, may be so 
precipitated, and, moreover, as the resulting sulphides 
are very characteristic in each, these reagents afford 
the means of analyzing metallic solutions. By them, 
and carbonate of potash, the whole category of metallic 
bases may be classified, and, moreover, by means of 
these three reagents alone. Thus, to a solution of a 
metallic salt, or salts rendered slightly acid by the 
addition of a little hydrochloric acid, hydrosulphurio 
acid is first added; this will precipitate, as sulphides, 
any metals present belonging to a large first group of 
something like twenty metals. Next, having separated 
the precipitate, and rendered the acid solution slightly 
alkaline, by adding some ammonia, the addition of an 

6* 
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alkaline Bulpbide, as Bulphide of ammonium, will pre- 
cipitate any metals of a second group, also as sulphides. 
These removed, the addition of carbonate of potash 
precipitates a third group; while, lastly, a small group, 
consisting only of three, will remain untouched by 
either of the three precipitants mentioned. 

The color of the sulphides of some of the metals, 
when they are thus precipitated, is very marked. 
Those of the noble metals, as also of lead, bismuth, 
copper, iron, cobalt, and nickel, are all black. Molyb- 
denum, vanadium, tungsten, and tin (when in the state 
of protoxide), afibrd brown sulphides; antimony, a 
reddish orange one; cadmium, orange; arsenic, orange- 
yellow; tin (when it exists as peroxide), yellow ; man- 
ganese, flesh-colored ; and zinc, a white sulphide. 

In the reduction of sulphides, if we heat them in the 
air, many are so decomposed, the sulphur evolved, by 
union with oxygen, forming sulphurous acid; while 
another portion of oxygen combines with the metal set 
free. The smelting of many ores may be resolved 
into just these changes, of which copper ores may be 
given as a good example. Sometimes the application 
of heat and air converts the sulphide, first into a sul- 
phate, when, if the new compound be capable of sus- 
taining the temperature, it remains permanent; but, if 
not, it passes to the state last described, viz., separation 
into sulphurous acid and a metallic oxide. 

Some few sulphides will be reduced by passing dry 
hydrogen over them at a red heat, the metal being 
reduced, while the sulphur combines with the hydro- 
gen, and forms hydrosulphuric acid. But Bose states 
that the sulphides of antimony, bismuth, and silver 
are the only ones reduced easily by these means. 

Dry chlorine gas will likewise decompose them, and 
both the metal and the sulphur will combine with it ; 
and they may also be converted into chlorides by 
nitro-hydrochloric acid ; some few also by hydrochloric 
acid. In the latter case, the hydrogen of the decom- 
posed acid combines with the sulphur of the sulphide. 
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and is evolved as hydrosulphuric aoid gas. One of 
onr methods of obtaining the latter body as a reagent 
oonsists in heating sulphide of antimony in hydrochloric 
acid ; and the action will take place upon sulphide of 
iron without the application of heat. Sulphuric acid 
will decompose the latter in the same way; but the 
metal is, in this case, oxidized at the expense of the 
oxygen of the water, and the sulphuric acid combining 
with this, sulphate of iron is produced, while the 
liberated hydrogen combines with the sulphur. In 
this way the sulphides of all metals which oxidize 
easily will be decomposed. 

Lastly, they may be decomposed by means of strong 
nitric acid, a method employed in many cases of ana- 
lyses of ores ; as, for instance, copper pyrites, galena, 
zinc blende, and some others. The powdered mineral 
is treated with strong nitric acid, whereby its sulphur 
is more or less completely oxidized (the extent of oxi- 
dation depending much upon the time employed in 
digestion). All that portion which is not thus con- 
verted into sulphuric acid separates in yellow masses, 
which by continuance of heat fuse into yellow beads. 
The liberated metal is at the same time oxidized, and 
combines with undecomposed acid to form a nitrate. 
Native cinnabar, or sulphide of mercury, is the only 
ore which cannot be so treated. 

The simple body, Selenium, precisely resembles sul- 
phur in its chemical relations; hence it combines with 
metals much in the same manner. Native selenides 
are found, but very rarely. 

Phosphorus combines with metals, forming the class 
phosphides — an unimportant one. They may be 
formed by fusing a metal, and then throwing phos- 

Shorus into the crucible in successive portions, when 
irect union takes place. Or if a metal, or its oxide, 
be heated with phosphoric acid and charcoal, the car- 
bon will take the oxygen of the acid, while the phos- 
phorus, set free, combines with the metal. Where the 
oxide has been employed, its oxygen appropriates, 
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another portion of carbon, also for the formation of 
carbonic acid. 

Some phosphides may be obtained in the wet way, 
like the sulphides; viz^ by transmitting phosphuretted 
hydrogen gas through a solution of the metallic salt. 
Thus, if we dissolve sulphate of copper and so treat it, 
we get a black flocculent precipitate of phosphide of 
copper, but it is soon decomposed by exposure to the 
air. It is said that a corresponding silver salt may be 
formed, but this is doubtful. 

If a phosphide be heated in the air, it will absorb 
oxygen and be converted into a phosphate ; at other 
times the metal is set free, and the phosphorus, in this 
last case, alone oxidized. 
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CHAPTER IV. 

O? ICSTALLIC SALTS. 

In speaking hitberto of metallic componnds, those 
of two elements only have been considered* wherein a 
metal and a non-metallic element have united, the two 
being supposed to have been preyiouelj in opposite 
electrical states; the metals being electro-positive in 
regard to the other elements, which are electro-negative. 
A more complex class have now to be examinea, com- 
posed of two binary compounds, these again being in 
opposite el^trical conditions, and having in conse- 
quence very strong affinities for each other. 

These compounds, called metallic salts, may be 
divided into three classes. 1st. Haloid salts; 2d. Oxy- 
salts (the most numerous and important class); and 
Sd. Sulphur salts, a comparatively unimportant one. 

The early division of salts by Serthollet, depending 
upon their reaction, was most uncertain, although we 
retain bis terms to this day. He divided them into 
neutral, alkaline, and acid salts. But, in illustration 
of the fallacious nature of this division, it may be 
stated that a salt may appear to be neutral solely from 
its insolubility. Again, a neutral salt, when soluble, 
will, in many cases, appear alkaline, as in the case of 
alkaline carbonates; while, thirdly, true heavy metallic 
salts, if they contain enough acid to make them soluble, 
will appear acid, although really neutral. The test 
employed to ascertain these conditions is usually the 
action of solutions of the salts upon vegetable colors. 
Thus the blue tint of litmus will be immediately red- 
dened by a trace of acid, and the red again restored to 
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blue by an alkali. Or, in the latter case, if a paper 
yellow by turmeric be used, it will be browned, and 
capable of being again restored by acid. 

But chemists, in defining a neutral salt, now pay no 
regard to these reactions, but consider any salt neutral 
wherein the number of equivalents of acid entering 
into its composition exactly equal the number of those 
of oxygen contained in the base. For example, a 
neutrd nitrate of protoxide of lead would thus be 
composed of one equivalent of oxide of lead^ with one 
of sulphuric acid, PbOySO^. Or, to take the case of 
persulphate of irou, a salt of sesqnioxide, its formula 
would be, Fe^Os^SSOj. These two examples, fulfilling 
the condition above described, would, tnerefore, both 
be considered as neutral salts, although, when examined 
by their reaction upon test paper, both would give an 
acid indication. 

But certain acids will combine in the proportion of 
two equivalents of acid to one of base, and, by such 
combination, we have true acid salts formed. It must 
be mentioned, however, that in these an equivalent of 
water is always chemically combined, and in such an 
intimate manner as to act as a feeble base, and thus 
supply the place of a second equivalent of the latter 
to the second one of acid. But the basic property of 
the water is so feeble that these salts are always highly 
acid to test paper. We may take the bisulphates of 
potassa, or soda, as examples of this class, and the 
formula of the first will illustrate their general compo- 
sition. It is KO,HO,2S03. This crystallizes in rhom- 
bic tables, or at times in acicular crystals. If heated 
strongly, the atom of basic water will be driven off, 
after which, by continuance of a strong heat, the second 
equivalent of sulphuric acid will pass off' also, and a 
neutral sulphate be left. Or if, to the bisulphate in 
solution, we add an equivalent of carbonate of potassa, 
the acid property of the former will be strong enough 
to drive off the carbonic acid (with effervescence), when 
the potassa of the carbonate will replace the basic 
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water of the bisulphate, and a neutral sulphate will 
be produced, and may be crystallized out in six-sided 
prisms, or it may be in oblique rhombic four-sided 
prisms. 

On the other hand, certain bases may be combined 
with acids in the proportion of two equivalents of base 
to one of acid. Such compounds are termed subsalts. 
A good example may be given in the subnitrate of 
mercury. Similar compounds are formed with oxides 
of lead and of copper ; but, in these cases, the pre- 
ponderance of base may go as far as five or six equi- 
valents to one equivalent of acid. 

But to return to the general division first given. 
As the haloid salts are very simple in constitution, 
and, moreover, precisely analogous to the binary me- 
tallic compounas already described, they have been 
placed here as the first class. Tbey have of late years 
been formed or separated from the class hydrosalts. 
When the acidifying principle of an acid is hydrogen, 
a hydroacid is formed. Thus we get the acids hydro- 
chloric, hydriodic, and hydrobromic, by their respec 
live radicles having combined with hydrogen. If, 
then, we add such an acid to a metal, or its oxide, solu 
tion takes place, and a salt is produced ; but not (as in 
cases presently to be treated of) by union of the acid 
in an unchanged state with the oxide of the metal, 
and hence not as a true hydrosalt. 

For instance, if hydrochloric acid be put upon iron 
or zinc, action is at once set up, hydrogen gas evolved, 
nod a salt produced. Again, sea-salt may be formed 
by so adding hydrochloric acid to soda ; but, in the 
salt resulting, neither of the constituents exist ; in fact, 
in both these instances, the radicle of the acid, chlo- 
rine, would be found combined with the metal itself, 
as evidenced in the first case by the evolution of the 
hydrogen, and in the second by the formation of water, 
from the union of this hydrogen with the oxygen of 
the soda, they having existed just in the proportion to 
form it in the two binary elements employed. The 
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latter salt is a simple chloride of the metal sodiam, 
and thas, from the formation of these salts being pre- 
cisely analogous to that of sea-salt, the term haloid, or 
salt-like, has arisen. 

The second class of salts, viz., ozysalts, are com- 
pounds of an oxyacid with a metallic oxide ; the oxy- 
acid being in by far the largest number of cases a 
compound of an elementary non-metallic substance 
with oxygen, while the base, or metallic oxide, is 
formed by the metal employed, which has taken the 
requisite oxygen either from the acid or from its com- 
bined water. 

As examples of these oxyacids, it may be stated 
that sulphuric acid is a compound of sulphur and 
oxygen; nitric, of nitrogen and oxygen; oxalic, of 
carbon, also with oxygen, and so on: in all these 
cases bearing in mind that the acid exists as a hydrate, 
that is to say, combined with water. 

If some iron be digested in sulphuric acid, it will be 
dissolved, and a salt formed ; and, in effecting this, for 
each equivalent of iron dissolved, one equivalent of 
water is decomposed ; its oxygen passes to the iron, and 
combines with it, its hydrogen escaping as gas. An 
equivalent of the acid at the same time takes the newly- 
formed oxide of iron, and one equivalent of sulphate 
of iron is the product ; so that, it will be observed, the 
salt iS; properly speaking, a sulphate of oxide of iron. 

Again, when silver is dissolved in nitric acid, to form 
nitrate of silver, a similar oxidation of the metal is the 
first change ; but, in the case of nitric acid, this is effect- 
ed at the expense of a portion of the acid itself. Thus, 
for every 8 equivalents of silver dissolved, 1 equivalent 
of nitric acid is decomposed ; it furnishes 3 out of its 
6 equivalents of oxygen to the 3 equivalents of metal ; 
these 3 equivalents of oxide of silver aA then taken by 
3 of undecomposed acid, and form the same number of 
nitrate of silver, while the remaining elements of the 
equivalent of decomposed acid, viz. NO, escaping, seizes 
2 equivalents of oxygen from the air (on coming in 
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contact with it), and so prodaces the dense red fumes 
of nitrons acid observed in cases of solution of metals 
in nitric acid. These are illustrations of the formation 
of oxysalts. 

The third class of salts, or sulphar salts, have been 
established byBerzelius; they are exactly similar to 
the oxysalts, if we imagine the oxygen in them removed, 
and replaced by sulphur. In fact, instead of an oxide 
and oxyacid, we have combining a sulphide, or sulphur 
base, with a sulphur acid, producing bodies having all 
the characters of salts, viz., crystalline form, and (in 
many cases) solubility in water, and so forth. 

The oxysalt carbonate of potash (for example) would 
be represented by the symbol KO,CO,. Now, if the 
equivalent of oxygen be removed from the base, and be 
replaced by 1 of sulphur, and the 2 equivalents of oxy- 
gen in the acid also by 2 of sulphur, we get a compound 
which actually exists in a crystalline state, and affords a 
good illustration of a sulphur salt. These are far from 
being an important class. 

The examples thus given of these three divisions of 
salts illustrate one theoretical view of their constitution, 
but at the same time divide them as seen, dependent 
upon their different modes of formation. But there is 
another theory, by which the two first and principal 
classes are brought into one category, called the binary 
theory of salts. This starts with the fact that all acids, 
when in a state capable of combining, so as to form 
salts, contain hydrogen, and consequently, in place of 
being regarded as an acid, plus water, may be viewed 
as an acid radicle, plus H. Under this aspect, then, 
sulphuric and nitric acids, in place of being symbolized 
as S03,nO, and NO^HO, would be written SO^,H, 
and N05,H, respectively. 

Thus it will be seen that the oxygen acids are brought 
into an analogous state to the hydroacids; and then, in 
the formation of a salt, the changes become the same' in 
each case, viz^ the simple removal of the hydrogen, and 
replacement of it, not by an oxide, but by the metal 
7 
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itself. Thus, in the formation of chloride of zinc, the 
chlorine, as has been shown, unites directly with the 
zinc, and hydrogen is evolved. So by this theory, 
when we form sulphate of iron, instead of FeO uniting 
with SO3, Fe itself would simply remove H, and unite 
with SO^. 

These are, however, only theoretical views, which, 
while they serve to simplify our knowledge on these 
points, could be met by showing many inconsistencies 
in them. And Dr. Miller justly observes, that *'a salt, 
when once formed, must be regarded as a whole ; it 
can no longer be looked upon as consisting of two dis- 
tinct parts, but as a new substance, maintained in its 
existing condition by the mutual actions of all the 
elements which compose it." 

Salts combine with each other, and produce a class 
called double salts. In these, two distinct bases are 
united with one acid. It may be first in the way of 
the combination of two neutral salts of the same acid; 
as, for instance, sulphate of copper with sulphate of 
potassa, where a perfectly definite crystalline salt may 
be obtained by dissolving and mixing together equiva- 
lent proportions of the two component salts. 

Again, the sulphates of copper and of iron may be 
so united ; and although the crystals of the first con- 
tain 7 equivalents of water, while those of the latter 
contain 6, so complete will be the union that the new 
salt will agree in this respect with the one containing 
the larger amount of water. 

The haloid salts will combine in like manner, and so 
afford some very important double salts. An example 
may be given in the double chloride of platinum and 
potassium, which consists of PtClj-f-KCl. 

Double salts may be formed also by union of those 
of bases of different degrees of oxidation. Thus the 
alums are all compounds of sulphates of protoxides with 
sulphates of sesquioxides. For instance; iron alum is 
KOjSOj+FcjOj^SSO,; and chrome alum is the same, 
substituting persulphate of chromium for the iron salt 
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of the former. Lastly, ordinary alum is a sulphate of 
potassa with sesqaisolphate of alumiDa. Thus the for- 
mula is KOjSOa+AljOgSSOj; and in all these exam- 
ples there are found 24 ecjuivalents of water. 

When a metallie salt has been formed by the solu- 
tion of a metal, the simple evaporation, so as to drive 
off a portion of water, causes it to assume the solid 
state in certain regular mathematical forms, called 
crystals; and these forms are always the same (with 
certain niddifications) in the same salt. Thus sulphate 
of iron always crystallizes in oblique rhombic prisms; 
sulphate of copper in rhombohedral forms ; nitrate of 
silver in four or six-sided tables ; chloride of sodium 
in cubes ; chloride of barium in fiat, four-sided crystals, 
bevelled at their edges ; all, it will be perceived, distinct, 
and, in the same salt, constant forms. 

In cases of artificial crystallization, the more slow 
the process, the finer and more definite will be the 
crystalline forms. Hence, by exposing a strong solu- 
tion^to the air, so as to allow the water to evaporate 
spontaneously, we fulfil the conditions to perfection ; 
and we therefore find in nature crystalline forms the 
most perfect where the deposit of solid matter has been 
so exceedingly slow that it is effected in the most 
regular manner: thus many of our ordinary ores con- 
tain the most beautiful crystalline portions, some being 
entirely crystalline; and even the metals themselves 
are frequently found native in perfect crystals. 

It has been stated that the same salts crystallize 
uniformly in the same definite forms; but this law 
admits of exceptions, the reason of which may be here 
explained. 

If we take an ordinary crystal, and with a knife 
attempt to split it, it will be found that this can be 
effected only in certain directions, and in such a clean 
facet will be obtained ; but in all others (if we succeed 
at all, and do not actually crush it) we get only an ir- 
regular, broken surface. Now the planes in which the 
operation can be effected are called planes of cleavage ; 
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and as all planes have one or more imaginary axes, 
around which their particles are supposed to have been 
built up, we can cleave a crystal around these in the 
same relative directions, until we have altered its 
mathematical form altogether, and obtained an equally 
regular one, which would hence be called the secondary 
one of the crystal. 

Suppose, for example, a cube be taken, and, starting 
from a central point upon its upper face, the four solid 
angles be clefl off successively, the cleft sur&ce being 
formed in each case from the point just mentioned, 
down to the centre of each edge; 
^1^^^^^ then, if we turn the crystal upside 
down, and repeat the operation, 
starting from the same point of the 
opposite face, a regular octohedron 
would result. Again, by similar 
means, but by removing the twelve 
edges of the perfect cube, instead of 
the angles, we should obtaia the 
dodecahedron ; or, lastly, from the same primary form, 
a tetrahedron may be obtained, by cleaving off alternate 
angles only. 

Now it will be readily perceived that in nature's 
laboratory a slight disturbing force may frequently 
come into play during the aggregation of particles 
going to form a crystal, and may hence interfere with 
the completion of the perfect primary form. Thus a ' 
great variety of secondary ones will arise, for in the 
progress of building up a crystal, which is, of course, 
the reverse action to the kind of dissection above 
described, we may see how growth may accidentally be 
stopped in some directions; indeed, it very commonly 
is so; and hence we seldom get either primary or 
secondary forms quite perfect. But the disturbing 
force being some internal one, acting upon the ultimate 
particles; has influence alike upon all parts around 
each axis, except where hindered by external inter- 
ference, as where a crystal rests upon the vessel in 
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wbicli it is forming ; otherwise the modifications pro- 
duced are symmetrical on all sides, from which fact 
the crystalline axes are called "axes of symmetry." 

The secondary forms which carbonate of lime as- 
sumes in nature may be instanced to illustrate the 
great extent to which these may be carried, for about 
fifty distinct forms have been examined and measured. 
But, in all cases of secondary forms, there are always 
two or three which are more common than others, and 
which are hence called governing forms. 

Crystals have been classed into six systems, the 
classification being founded upon the position of their 
parts in reference to their imaginary axes. 

The first is the cubic, or regular system. In this 
there are three axes, of equal lengths, and placed rec- 
tangularly to each other. These are 
shown by the faint lines in the body 
of the cube here figured. The cube 
is the type of this system, and out 
of it we derive the following allied 
or secondary forms : the octohedron, 
tetrahedron, and rhombic dodecahe- 
dron. As examples of this first 
system, the metals may be first 
named. Thus bismuth and antimony are each com- 
monly found in cubes. The author has artificially 
crystallized silver in tetrahedra and gold 
in oetohedra, in which form the latter is 
usually found in nature, when crystal- 
line. Chloride of sodium is a good 
example of the cube. 

The second system is called the right- 
square prismatic. In this, as in the last, 
there are three rectangular axes, but two 
only of equal length, the third being 
elongated. . The right-square prism is 
the type, and from this we have the square-based octo- 
hedron as a secondary one. An example of this sys- 
tem is found in ferrocyanide of potassium. 
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The third system is the rhombohedral, which has 
three axes of equal length, while a fourth, of unequal 
length, is situated perpendicular 
to the three. The rhombohe- 
dron is the type of this, and the 
allied forms are the bipjramidal 
dodecahedron, and the six-sided 
prism. The carbonate of lime, 
known as calc or Iceland spar, 
gives a good example of the 

f>rimary form, and the tourma- 
ine, a natural saline mineral of 
silicic acid, illustrates the six-sided prism. The axes 
are omitted in this drawing for distinctness. 

The fourth system is the rectangular prismatic, 
wherein are found three unequal axes, 
but at right angles to each other. The 
principal forms are the right rhombic 
prism, and the right rhombic octohedron. 
As the bases are rhombic in these forma, 
the axes are thereby all rendered un- 
equal, as above stated. Sulphate of zinc 
is an example of the primary form of 
this system, and sulphate of potassa of 
the rhombic prism. 
The fifth, or oblique system, has two oblique axes 
which may be equal, and a third also 
oblique, but unequal. The type is the 
oblique rhombic prism, and its allied 
forms are the oblique rectangular prism, 
the oblique rectangular octohedron, and 
the oblique rhombic octohedron. This 
octohedral form is not, however, a sym- 
metrical one. An example of this sys- 
tem may be given in sulphate of iron. 
The nixth system is the doubly ob- 
lique: this has three oblique axes, all of unequal 
length. The type is the doubly oblique parallelogram 
or prism ; and from this we may have, as a secondary 
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one, the doubly obliqae octohe- ^g* ^^' 

droD. Sulphate of copper is ooe 
of the few iDStauces of this form. 

Carbonate of lime has been 
mentioned as an instance of great 
▼ariety of secondary forms, but 
amongst these some belong to dif- 
ferent systems, which forms are 
consequently incompatible; that 
is to say, you could never, by cleavage of the one, 
obtain the secondary form of the other. Such salts 
are said to be dimorphous in form. 

On the other hand, where substances assume the 
same crystalline form, although differing in chemical 
composition, they are said to be isomorphous. Thus 
it will be evident that the composition of a compound 
cannot be decided upon by the simple knowledge of 
its exact crvstalline lorm, as was formerly supposed. 

During the formation of crystals a large amount of 
water is taken up with them. One portion is neces- 
sary in giving and preserving crystalline form, and this 
is called water of crystallization. A second portion is 
necessary to the actual existence of the salt, and hence 
is called constitutional water. The difference between 
these may be explained in the case of crystals of sul- 
phate of zinc. These contain 7 equivalents of water. 
Now, if they are heated to 212°, 6 equivalents are 
driven off, and the form of the crystal is destroyed, 
but the remaining one is retained firmly united; if, 
however, the heat be carried up to about 410°, we 
separate this remaining one also. The first six are 
water of crystallization, the seventh, water of consti- 
tution. 

In the case of some salts, the water of crystallization 
is held so loosely that the simple exposure to air (espe- 
cially dry air) suffices to set it free; and the result is, 
that crystalline structure is lost, and the salt crumbles 
down to a complete powder. This is called efflores- 
cence. 
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Salts differ very widely in their affinity for water, 
or, in other words, in solubility. Some have so great 
an affinity for it, that they will even melt in the water 
of crystallization ; these are said to deliquesce. On the 
other hand, others require so large a quantity of water 
for solution, that they are nearly insoluble; while many 
are quite so. 

But the solubility of a salt varies very much with 
the temperature of the water employed, and this pro- 

n, aaded to the fact that salts also differ very widely 
eir solubility amongst themselves, affords us a 
ready means of purifying many metallic salts. It is, 
for this end, only necessary to take the crystals of a 
salt, dissolve them in boiling water, and filter the solu- 
tion, so as to separate any mechanical impurities; then 
to set the solution aside ; as it cools, crystals will be 
reformed. These are to be taken from the solution, or 
mother liquor, drained, and again dissolved and crys- 
tallized ; and after two or three such operations, the 
salt will generally be found tolerably pure, the impuri- 
ties being retained in these mother liquors. 

If, however, the process be slow, the crvstals will be 
large, and apt to retain a quantity of mother liquor in 
their interstices, and hence will be less pure than 
quicker formed compact crystals. 

Water is frequently mechanically inclosed in the 
structure of a crystal, and, where this is the case, it 
will fiy to pieces with a crackling noise, upon being 
heated. Such salts are said to decrepitate; and it is 
found that decrepitation is loudest in those which con- 
tain no water of crystallization. 

If it be desired to obtain large crystals of a salt, it 
may be effected in proportion as we cool down the 
solution very gradually, or allow the evaporation of 
a less saturated one to go on slowly. Thus manu- 
facturers sometimes cover crystallizing vessels with 
non-conducting substances, so as to allow of time for 
slow crystallization. For, where this takes place 
rapidly, it is always more or less confused. 
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In slowly )px>wing crystals, as this operation may be 
termed, light has a siDgular influence, for it is found 
that the crystalline axes always turn towards it. 

Crystals form better when the containing vessel of 
the solution has a rough surface, so as to afford points 
whence the action starts ; and it is sometimes found 
that even when the solution contains more of the solid 
salt than it is ordinarily capable of dissolving, yet crys- 
tallization will not be set up; but, in such a case, the 
introduction of a stick, or piece of string, will at once 
determine the action, by withdrawing a small portion 
more of tbe water, when the salt, receiving this impetus, 
will at once crystallize round this foreign nucleus. 

Some volatile bodies rise in vapor on being heated, 
and as the vapor cools it redeposits, assuming crystal- 
line form. Thus arsenious acid, chloride of iron, 
iodine, or sulphur may be crystallized by sublimation. 

The nietals may, in very many cases, if not in all, 
be obtained in crystals, by fusion and slow cooling ; 
thus, if bismuth be melted in.an iron ladle, and allowed 
to cool slowly until a crust forms upon the upper sur- 
face, and this crust be then pierced, and the fluid metal 
below poured out, the remainder in the ladle will be 
found, on taking off the crust, to have crystallized 
most exquisitely in forms belonging to the cubic sys- 
tem. 

Antimony always crystallizes by fusion; aod the 
tendency of lead to the same action affords a means of 
refining the latter which is now extensively employed. 

(kfwbirvatwnB of Metals mth each other. 

Alloys. — Compounds of the metals with each other 
are called alloys, but where mercury enters into the 
mixture the term amalgam is employed. The first 
requisite in forming them is, that one or both should 
be in a state of fusion ; but, as the alloys are generally 
more fusible than either constituent separately, it fre- 
quently suffices that one only be fused. 
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Thej are analogous to tbe metals in their pbysical 
properties, although frequently differing much in these 
repects from their constituents. Thus color is mate- 
rially affected, and they are generally harder and more 
sonorous. The alloy brass may be given as a good 
example of tbe latter change, for although a hard, so- 
norous metal, it is formed by mixing copper and zinc, 
both tolerably soft, and destitute of the least resonance. 

The malleability of metals is often much impaired 
by their being alloyed ; indeed, an alloy of two duc- 
tile and malleable metals will frequently become very 
brittle. Thus a mere trace of lead (itself perfectly 
malleable), when added to gold, will entirely destroy 
the malleability of the latter, rendering it quite brittle. 

A brittle and a ductile metal generally afford a 
brittle alloy ; and so antimony, when added to gold 
to the extent only of 1900th part, will make the gold 
quite unworkable from its presence, although in such 
small proportion. 

It might be expected that a mixture of two metals 
would have a specific gravity, the mean of the two; 
and this is sometimes true, but b^ no means universally 
so, for in some cases condensation takes place, and so 
we get the specific gravity increased ; at others expan- 
sion, which correspondingly diminishes the specific 
gravity. 

Alloys are generally more readily oxidizable than 
their constituents ; and the superior oxidability of one 
constituent of an alloy appears to be assisted by gal- 
vanic action set up. This is always the case where an 
electro-negative or acid-forming metal is alloyed with 
an electro-positive or base-producing one. 

Although we do at times find alloys in nature which 
are formed in definite proportions, and hence are true 
chemical compounds, yet they are, as commonly formed, 
simple mixtures of the constituents, and hence may be 
made in any relative proportions. This state of union 
often gives them a great tendency to separate ; and 
thus in some alloys of silver and copper we find cer- 



ALLOTS. 8S 

taiD parte of a bar formed of tbem nniformlj rioher in 
silver than the other parts. This points oat the neces- 
sity of carefully stirring an alloy just previous to 
moulding it, if its perfect equality be a consideration ; 
and; lastly, where they are formed of noble with oxi- 
dizable metals, it is always advisable to cover the 
molten surface with charcoal : this prevents the oxida- 
tion of the base metal by the air, and the consequent 
refining of the alloy. 

It will be seen, from what has just been stated gene- 
rally upon alloys, that we possess the means of alter- 
ing physical properties of the metals, and rendering 
them fit for peculiar uses, by making, in many oases, 
but small additions of other ones. Thus copper may 
be converted into brass, gun-metal, bell-metal, or 
German silver (names expressive of uses), according to 
the nature and quality of the metal we employ for 
alloying it. Again, in solderiug or uniting metals by 
metal, we usually employ a solder whose base, or main 
constituent, is the metal we are using it for; and, by 
the addition of small quantities of other metals, we are 
enabled to lower the fusing point of the solder in a 
most gradual and regular way, according to the amount 
and nature of such addition, by which we adapt it to 
its particular use, in such manner as that the work 
itself may remain untouched by the heat which is all- 
sufiicient to run the solder. 

The fusing point of an alloy is generally much lower 
than the mean of those of its constituents. This is well 
shown in the case of some compounds of tin, lead, and 
bismuth, where, although the melting point of the most 
fusible of the three is as high as 422^, yet, in the mix- 
ture, it is brought down to 210°, or thereabouts. But 
it is remarkable that the most fusible of the alloys of 
these metals is one wherein they are combined in 
atomic proportions. 

Peculiarities in certain alloys will be considered 
under their respective heads. 
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CHAPTER V. 

OF HEATING APPABATUS, FURNACES, ETC, 

The apparatus for employing heat may be considered 
under two classes. First, such as may be used upon 
the work-table, comprehending lamps, the various 
methods of applying gas, blowpipes, and blowpipe fur- 
naces ; and, secondly, furnaces adapted to solid fuels, 
as in the various forms of melting, reverberatory, 
muffle, and other furnaces. 

Both these classes may be subdivided into wind and 
blast arrangements. By the former is meant such 
adaptation of the various parts of the furnace as shall 
insure sufficient draught without assistance; but, in 
the latter, this draught is increased, or produced, by 
bellows, or some blowing apparatus. 

A lamp is an instrument wherein liquid fuel is so 
brought under the influence of a high temperature as 
to cause its decomposition; and the attendant flame is 
hence the result of the combustion of the gas generated. 
This is composed of hydrogen, with varying quantities 
of carbon, dependent upon the kind of fuel; at times, 
portions of carbonic oxide are also given off and burnt, 
where a flame is very luminous, the gas is rich in 
carbon, and the luminosity is much dependent upon 
air being supplied just in the proper proportion to 
insure its combustion, when it is thrown off as lumi- 
nous particles. If, on the contrary, this air supply be 
insufficient, imperfect combustion is the result, and 
much escapes in the solid form, when we get a smoky 
flame which will deposit this unburned matter as soot. 

Now, for heating purposes, the conditions required 
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in this particular are much tbe same; for the smoky 
flame, from the imperfect supply of oxygen, is an evi- 
dence of the weakness of its power, and is as unfit for 
beating as for affording light. 

Hence, where we are unable to increase the draught, 
as in lamps with cylindrical wicks, it is better for 
moderate heats to employ alcohol. This gives off no 
unburned carbon, and affords a clear blue non-luminous 
flame. Oil may be used in the same way, but its flame 
is very smoky, and hence, except for blowpipe lamps, 
it is little employed in metallurgic operations, halving 
been superseded by coal-gas. Wherever coal-gas can 
be obtained it affords a most valuable fuel, for, in the 
ordinary way, we can generally adjust a burner just 
to the point at which tbe air supply suffices for toler- 
ably perfect combustion ; but, of late, so many excel- 
lent arrangements have 
been made for mixing 
the gas with atmospheric 
air, and then burning the 
mixture, that such is now 
the common method of 
using it; and indeed by 
this means only we are 
able to obtain its maxi- 
mum beating power. 

The most simple way 
of effecting this, upon 
the small scale, is by a 
burner known as " Bun- 
sen's," now much in use 
in the laboratory. It 
consists of a tube to sup- 
ply the gas, which ter- 
minates by a rather large / 
jet, placed in the interior ^- 
of a second tube, of about 

half an inch in diameter, by five inches long, the jet 
opening at the lower part of this. Opposite the end 
6 
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of the jet, but in the outer tube, is formed a ring of 
rather large air-holes. These are better if provided 
with a sliding ring of brass (omitted in the section), 
in order to contract their openings as necessary. Now, 
upon turning on a supply cock, the gas rushes up 
through the outer tube from the jet, and draws in a 
quantity of atmospheric air by the holes in the former, 
which, mixing with the gas, issues by the top end. At 
the expiration of a moment or two it may be lighted, 
and the flame then regulated to a clear blue color, by 
admitting mor^ or less gas, or by cutting off the air to 
the requisite degree. 

Thus we get a somewhat roaring flame, near the 
apex of whicn a very intense heat is afforded ; so that, 
with the instrument here figured, a tolerably good- 
sized platinum crucible may be rapidly heated to bright 
redness. The instrument is now made in steatite, an 
incombustible mineral, which, being a very bad con- 
ductor of heat, will remain perfectly cold at its lower 
part, although a hot flame is burning at the top. 

Arrangements upon the same principles have been 
made where the mixture, instead of issuing from a 
single chimney, as in this case, is made to issue by a 
series of small holes, passing horizontally into the cir- 
cumference of a hollow disk, in which the tube is made 
to terminate. Thus a rosette of small jets is obtained. 
This disk may vary in size from one inch to two or 
more in diameter. Again, an excellent arrangement 
is made for heating a tube by employing a horizontal 
pipe, fixed in the lower part of a wedge-shaped case. 
The gas-delivery holes should be bored into the sides 
of the pipe, and the upper sharp edge of the wedge has 
a slit left open throughout its length. At this slit the 
gas mixture is inflamed, and the tube we desire to 
heat arranged just above the flame. 

The author has for several years made much use of 
a larger gas furnace, made upon the Buusen principle. 
It is formed of a cylinder of brass 3^ inches in diameter, 
and ten inches high ; this is left open at the lower end, 
whereon it stands, being raised from the table by 
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tliree short legs. Into the upper end is driven a ring 
covered with copper- wire gauze to about three quarters 
of an inch down, so as to form a kind of bath, which 
may be compared to an ordinary sand bath, but into 
which are put a number of small pieces of pumice-stone. 
These serve to diffuse the flame, and to prevent the 
gau2se heating. 

The gas is delivered from a tube placed in the bot- 
tom end, and turned up so as to deliver it at about 
two inches up the cylinder (just as in the small steatite 
burner); but here the air passes directly up from 
below, instead of through holes in the sides. A steady 
flame will cover the surface of the bath; but if too 
much gas be turned on it is apt to rise to a pointed 
flame, liable to smoke. While, on the other hand, for 
slow evaporations and the like, the proportions may 
be so nicely adjusted to the smallest supply of gas, 
that a clean, crackling, blue flame may be kept up all 
over the surface, in which any vessel may be heated 
without soiling it externally. As a small annealing 
furnace for gold foil, or sponge, for example, it would, 
with a little adaptation, be probably found to be most 
useful. 

Passing now to table-blast arrangements, I may first 
describe one, useful where gas cannot be procured, and 
affording a strong blast from alcohol, so that, for ope- 
rations of ignition and the like, it is all-sufficient, pro- 
vided we do not require too long continuance of action. 

It consists of a small double copper saucepan, the 
external case being about 
four inches high, by three ^** ^^' 

inches in diameter. The 
inner one is about half 
an inch smaller in every 
direction, and fixed in 
the outer one, so as to 
form an airtight cham- 
ber between theni^ but 
provided with a tubular 
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aperture closed by a cork, which serves as a safety- 
valve. From the upper part of this close chamber a 
tube passes down, and, turning under the bottom of 
the inner vessel, passes through it into the central 
cavity. Now, in using the instrument, about an ounce 
of alcohol (OT more) is first put by the tubulure into 
the close chamber, and a similar quantity into the 
central cavity. When the inner is corked up, the 
outer' is inflamed. The heat soon vaporizes the in- 
closed spirit, whose vapor, rushing out by the jet into 
the midst of the inner flame, causes the latter to rise 
in a strong blast, capable of aflbrding a very powerful 
heat. 

The ordinary mouth blowpipe is, in fact, a kind of 
miniature blast furnace. The blast is usually supplied 
by the lungs, and the fuel may be either a tallow 
candle, or be obtained by the use of a small oil lamp. 

The blowpipe is most useful for small fusions, as for 
soldering operations, but it may at times be employed 
for fusion of very considerable masses, up to portions 
of the size of a pea ; and the author knows of an 
instance where a skilful operator fused a farthing (a 
considerable weight of copper), and that by the blast 
afforded b^ the lungs alone. 

But it IS for qualitative metallurgic examinations 
that the mouth blowpipe becomes invaluable, for by it 
we can command an immediate intense heat, perfectly 
variable at pleasure as to the nature of its action and 
effects, and, moreover, can work with the greatest 
facility and certainty upon masses of material far too 
minute for any other kind of manipulation. 

All the best forms of blowpipes resolve themselves 
essentially into a tube, terminating in a fine point or 
jet, which latter is pierced with a carefully-shaped 
conical aperture ; the tube itself is also provided with 
an enlargement, or chamber, in some part of its length, 
for the purpose of retaining moisture, which is always 
condensed from the lungs. Th^jet should be so 
pierced as to allow of just the requisite amount of air 
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passing into the flame, and in such a direction as to 
insure the most perfect combustion. 

Of the many forms of blowpipe in use, probably those 
two known as Black's and Pepys' blowpipes are best ; 
but of these the author prefers the former. This, when 
furnished witbiets in platinum, forms a most effective 
instrument. The body of this blowpipe is simply a 
conical tube; to the smaller end is attached the mouth- 
piece, while at right angles from the side of the larger 
end the jet tube passes out for about an inch, and then 
ends in a small platinum jet, which screws on and off. 
For common soldering operations this last may have 
a much wider aperture than ordinarv ; so that, in fact, 
the plain aperture of the tube, without any movable 
jet, is all-sufficient. 

On looking at the flame of a candle or lamp, it will 
be seen to rise conically to a point. In the interior of 
the cone, and taking the same form, is a smaller dark 
cone ; indeed, the flame consists of a sheet of burning 
gas, which surrounds the point where it is evolved by 
the wick, and which flame, by so enveloping it, causes 
a quantity of gas to be stored from the action of the 
exterior air, and so to form a kind of supply chamber, 
as long as combustion is going on. On carefully ana- 
lyzing the parts of such a flame, starting from the lowest 
part, we may observe that, at the base of the cone, and 
also for a slight distance up the flame, its color is blue, 
dependent upon the perfect combustion of the gas here 
generated by agency of the free access of air. Just at 
the tip of the'dark inner cone the flame is most lumi- 
nous, for here particles of inflamed carbon are thrown 
off from the stored gas, being separated by the decom- 
position of some of this, under the influence of the heat 
of the portions burning below ; and it is just in the 
ring of flame external to this point that we find the 
hottest portion of the flame, for here the air has free 
access to the exterior ; but its heating power diminishes 
as we pass upwards or downwards from the point just 
mentioned. 

8* 
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The use of the blowpipe, theD, consists in throwing 
air into this inner cone of gas, so as to cause its free 
combustion, as also that of the luminous particles of 
carbon evolved from it ; while, at the same time, the 
flame is directed by the instrument at will upon the 
object ; but it is essential that the blast be kept steadily 
up. Now if we attempt, in the ordinary way, to send 
a strong blast by the blowpipe, the lungs will soon 
become fatigued ; indeed, by ordinary blowing it is im- 
possible to keep the blast continuous, for a check will 
be given at each inspiration. But, if we consider the 
smallness of the blowpipe aperture, it will be seen that 
a very small blast will suffice ; hence, if we can manage 
to keep the cheeks distended while we breathe through 
the nose, the natural tendency of the muscles to return 
to their normal state will keep up an ample blast. The 
mouth is replenished from time to time from the lungs, 
the cheeks (if at all relaxed during inspiration) beiug 
quickly restored to their state of tension. 

The capability of effecting the operation may, per- 
haps, be acquired more readily at first, by employing 
some solid instrument, as a pencil, for instance, and, 
with this between the lips, attempting to keep up a 
steady respiration while the cheeks are distended, 
breathing being carried on through the nose; then, 
when this can be accomplished, attempting the same 
with the blowpipe. 

Two kinds of flame may be produced by the agency 
of the blowpipe, dependent on manipulation, and pos- 
sessing very opposite capabilities. The first is called 
the oxidation flame, for any metallic bead exposed to 
its action (if of an oxidizable metal) will, in it, com- 
bine with oxygen of the air. It is formed by passing 
air just over the wick, employing for this purpose a jet 
with a tolerably wide opening: in this way we form a 
long narrow blue flame, which, if the jet be large 
enough and properly placed, will be quite free from 
yellow. Its tip is exceedingly hot, for, in addition to 
the blowpipe supply, it will draw a large quantity of 
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air externally to the point ; henee, here a bead is not 
only immediately melted, but also oxidized, by this 
external air ; therefore the further it can be kept from 
the tip, the better for oxidation, provided the heat can 
be maintained sufficiently. 

The second kind of flame is called the reducing 
flame; for if a metallic oxide be immersed in such a 
one, that is to say, well surrounded with it, it will. give 
up its oxygen to the flame, and the metal be reduced 
more or less completely. The reducing point is just 
beyond the tip of the inner blue cone, where there is 
a large supply of unburned carbon and gases, at a high 
temperature, consequently just in the condition to 
deprive any oxide of oxygen. The method of pro- 
ducing this flame consists in employing a rather finer 
jet, and at the same time placing it rather higher above 
the wick. Thus the dark cone of unburned gas of the 
ordinary flame is burned, and a small intense heating 
flame obtained. In forming both oxidizing and reduc- 
ing flames, the wick of the lamp or candle should be 
well and evenly cut; and, in reductions, a support of 
charcoal not only assists the heating of the bead, by 
becoming red-hot, but also assists the action, by taking 
oxygen f>om the oxide to form carbonic acid. 

Other supports for bodies under examination are 
sometimes employed, as a loop of platinum wire, or 
piece of foil, or at other times a clay basin, or a small 
bone- ash cupel, selected according to conditions we 
wish to fulfil. 

For long-continued operations, or for those in the 
workshop (as of soldering, &c.), it is desirable not only 
to avoid the fatigue which is experienced by some, but 
also to set the hands quite at liberty. In such cases a 
pair of double bellows is a very useful apparatus, espe- 
cially combined with the gas blowpipe, about to be 
described. 

The author has for several years made use of a pair 
of square bellows, made upon the principle of organ 
bellows; that is, with a square underfeeder,as it is called, 
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which may be worked by a treddle. The feeder cham- 
ber communicates by leather valves, opening upwards 

Fig. 14. 




only, with a large wind reservoir, which, being about 
2 feet 8 inches long, by 1 foot 4 inches wide, and 
rising 3 inches when full, will contain a considerable 
body of air. To this any pressure may be given, by 
placing small iron weights upon the top to tne requi- 
site amount. 

These bellows are arranged between the legs of a 
small table, on the top of which the blowpipe appara- 
tus can be used. 

The blowpipe alluded to, and known as Herapath's, 
is shown in section in the diagram, and is thus con- 
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stracted : An outer tube of brass, A, .8 of an inch dia- 
meter, and 4 inches long, has a connecting piece, B, 

Fig. 16. 




placed at right angles to it, and at 1.2 inch from its 
outer end ; by this it is screwed on to the gas tube of 
an ordinary burner stand. Up the centre of the tube 
A a second one, C, slides. This is 7 inches long, and 
ends by a smaller contracted portion of about IJ inch, 
which latter terminates in a jet The opposite end is 
fitted with a piece of vulcanized tube, in order to con- 
nect it with the air-pipe of the bellows. 

Now, as the contracted part of the tube G extends 
back in the outer one past the gas union, as soon as 
gas is turned on it passes freely to the outer end of 
A, enveloping the jet, and may then be lighted. Then, 
by putting the bellows into action, a jet of air is thrown 
into the very centre of the flame, when, by regulating 
carefully the relations of the blast and gas supply, we 
may get a larger or smaller flame at pleasure, and, even 
when applied to the more delicate operations of blow- 
pipe analysis, a most perfect flame in its parts and 
efiects. 

Of course, with the blowpipe just described, the bel- 
lows may be dispensed with, and the blast supplied by 
the lungs ; but its operation then is much more limited. 

A large application, or rather extension, of this ap- 
paratus has been contrived and perfected by Mr. Griffin, 
under the name of Griffin's patent portable blast fur- 
nace. It consists essentially of a series of these jets ; 
in his small furnace amounting to 6, in the medium to 
16. And in a large one which he supplies their num- 
ber is increased to SO; although, for the latter, the 
supply of gas required is so large as to limit its use- 
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fulness to some extent. The gas is supplied to a 
burner in the form of a cylindrical turnea iron box, 
from the upper surface of which it burns from circular 
holes. In the centre of each of these is a jet in con- 
nection with an under chamber, into which air is 
forced from a pair of doable bellows, and at a pressure 

of 6 inches ; that is to say, 
Fig- 16- the pressure is capable of 

sustainingacolumn of water 
5 inches high. The supply 
of gas afforded by a half- 
inch pipe suffices for the rae- 
dium burner. The burner 
is arranged in a fire-clay 
furnace, and placed either 
above and inverted, as ia 
the drawing, so that the 
flame may play down upon 
the pot ; or it may be placed 
below, so as to act on its 
under side. 

The pot itself is sur- 
rounded by a small perfo- 
rated jacket, and placed at 
a proper distance from the 
burner, viz., at about two 
inches from it. Between 
the jacket and outer wall 
a quantity of small pebbles 
are put, so as to retard the 
heat in its passage out- 
wards; and tnese are said 
by the inventor to be indispensable, where the extrems 
effects of the furnace are desired. 

The reader is referred to Mr. Griffin's scientific cir- 
cular of Dec. 1859, for a full description of the parts 
of this apparatus, and its application to melting and 
other uses. 

The furnaces employed in metallurgic operations 
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upon tlie large scale may be classed ander two kinds, 
vist, wind and blast furnaces. The first comprising 
all those wherein the draught is created by natural 
means only, by the careful proportioning of the size 
of the furnace, and its arrangement of air, draught, &c^ 
to the size and height of the chimney ; the second, those 
where the heat is urged by throwing in a powerful blast 
from bellows, or blowing-machines. 

For the melting of gold and silver, as for all ordinary 
melting operations, the common form of wind furnace 
is usually employed. Its essential part is a brick 
chimney, sufficiently high, straight, and somewhat 
gathered in at the top. This may be built in a wall, 
and the furnace placed at bottom, in the front of it ; 
and, for operations of moderate extent, an ordinary 
house flue will often suffice. The most effective height 
for such a chimney is found to be about thirty times 
the diameter of the furnace built to it. The author 
constructed an excellent one in his own laboratory some 
ten years since, upon the following plan and proportions. 
The chimney was just 30 feet high 
and 1 foot in diameter ; upon the 
face of this the furnace was built, 
the ash-pit being upon the floor 
level ; but, where heavy pots have 
to be lifted out and in, it is some- 
times preferable to sink it some* 
what, and, moreover, by so doing, 
the ashes are prevented from fall- 
ing out into the laboratory, being 
retained in the so formed pit. 

The lower part of the furnace 
was carried up solidly in good 
bricks and coal-ash mortar for 
1 foot 6 inches, the centre space 
being about 18 inches square, and 
the walls 9 inches thick. At this 
height a bar was placed at back, 
1 inch in width, and IJ inch deep, running from side 
to side, with a similar one in front. These were for 
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supporting the fire-bars, which latter were of wrought 
iron, each bar being 1^ inch deep, 1 inch broad at the 
upper, and ^ inch at the under surface. Each end 
was flattened out ^ inch on each side ; thus, when laid 
together, ^-inch spaces were left at the top, gradually 
opening out to 1 inch underneath. Above the fire- 
bars the furnace was carried up to a height of 1 foot 
10 inches in the front, the sides being sloped up to 
the back wall, which was 2 feet 8 inches. This latter 
portion, or fire-chamber, was solidly built in Stour- 
bridge bricks, the joints being very small, and made 
in good well-tempered fire lute. At the top an iron 
ring was worked in, the ends being crooked into the 
chimney, so as to tie all together. This ring was 
formed of iron 2| inches broad by ^ inch thick. 

If such a furnace is likely to be subject to much 
wear, it is better to cover the top round the brick-work 
with a cap cast stoutly in iron. This forms a smooth, 
clean opening round the fire-pot, and saves wear of the 
brick- work. The furnace just described was drawn in 
gradually from 13 in. at the fire-bars to 11 J at the top. 
Thus increased space was aiforded at the fire-bars for 
fuel, and at the same time the taper walls exercised a 
kind of reverberating effect upon the heat. 

At about 7 in. from the top, the flue passing into the 
chimney was carried out, and at an upward angle, so 
as to free it from sharp turns, which would check the 
draught. And here the damper was built in so as to 
drop by a chain, and close the chimney opening; the 
body of the furnace being also capable of being closed 
up by a large Stourbridge tile, mounted with a rim 
and handles, so as to slide and cover the fire-pot closely 
when the furnace is in use. 

At Messrs. Browne and Wingrove's, the Bank melt- 
ers, where large operations have to be performed with 
much speed, twenty-four of these furnaces are built in 
one large room, being placed in four divisions of six 
each in each angle of the room, that is, three upon each 
side wall; the centre of each wall having a door open- 
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ing to admit air. The ooke is stored in the centre of 
the room so as to be accessible. These furnaces being 
frequently employed for melting silver bars of 2000 or 
more ounces each, are lowered so much that the top 
opening is not more than about 1 ft. 8 in. from the 
ground, hence the lifting of a heavy pot is facilitated. 
Again, the tops are closed by a couple of thick iron 
plates, which, sliding on an iron fillet placed on the 
top, admit thus of the quick opening and closing of 
the furnace. It is always advantageous to have a 
small door, opening on each side of a wind-furnace at 
the firebar level, wide enough to expose the ends of 
at least two bars on each side. By these openings we 
are able to withdraw the bars, and allow the fuel to 
fall into the ash-pit, and so lower the heat immediately, 
a proceeding sometimes desirable. The crucible re- 
mains standing upon the centre bars. 

Fig. 18. 




As a construction of furnace known as the reverber- 
atory furnace will frequently be mentioned in the spe- 
cial part of this book, it may as well be described 
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generally here, bearing in mind that it is constantly 
modified to suit particular operations. 

The characteristic point in the reverberatory furnace 
is, that the fire-chamber, A, is separated from the one 
in which the material to be operated upon is placed, 
and the general construction is such that the heat and 
flame may be thrown down upon the charge. This 
fire-chamber is built up solidly in front; immediately 
behind this, and rising somewhat above the level of 
the fuel, is formed a wall of fire-brick, B, in some cases 
built to a thickness of 2 ft., and then carried full a foot 
high above all. 

Next, passing backwards, ia the sole or bed of the 
furnace, C, variously formed and proportioned, accord- 
ing to the kind of work to be performed in it. Thus, 
in the furnaces where the first operations upon copper 
ores are carried out, they are flat and shallow, for the 
object here is to expose a large surface to heat and air, 
so as to drive off sulphur and absorb oxygen. In 
o.thers, a depression is formed in the sole itself, so as 
to allow of the gravitation and collection of fused 
matters ; but in all cases, as the load to be sustained 
is more or less considerable, so this part of the work 
is vBry compactly built. For instance, in lead rever- 
beratories about a ton weight is a common charge 
operated upon. 

Rising from the front wall above the fire-pot, and 
passing backwards, is the reverberating arch, D ; this 
rises so as to be from 1 foot to 18 inches above the 
bridge as it passes over, from which elevation it is 
made to descend gradually to the back of the sole, 
where it ends in a chimney, seldom less than 40 ft. 
high, as it is always carried sufficiently high to cause 
a strong draught. 

Now it will at once be seen that the body of heat 
and flame passing up from the fire is at once thrown 
back, or, as it is said, " reverberated," by the formation 
of this arch immediately above, and inclining towards 
the back, where the chimney-vent is situated. 
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In large reverberatories, openings are formed at tlie 
sides as the working may require. Thus, in those 
employed for cupelling silver upon the large scale, it 
is not only necessary to be able to inspect the opera- 
tion, but also to form an entry for the bellows blast, 
and beside these, outlets for the litharge generated. 
Again, in iron puddling furnaces, which are of this 
class, the operation is effected by a workman using a 
paddle through a side-door, opening at about the centre 
of the sole of the furnace. 

It may be mentioned here, that this general descrip- 
tion of these furnaces may suffice, as they are almost 
entirely employed in large operations; the muffle fur- 
nace supplying their place for small ones. This latter 
will be described when the subject of the assay of 
silver and gold is treated of. 

Passing now to blast furnaces, the ordinary black- 
smith's forge may be given as an instance of the most 
common form, as well as an illustration of the princi- 
ple. In it an intense and concentrated heat is produced 
by a very small amount of fuel. Indeed, in blast fur- 
naces generally (if we except the large iron furnaces), 
the fire-chamber would, at first sight, appear to be very 
inadequate to the great heat obtained ; but it must be 
remembered that (as in the blowpipe) this depends 
upon the amount of oxygen thrown in by the blast, 
whence also the heat is rapidly got up. 

Two forms of these ifurnaces may be described here 
as parti6ularly useful in the laboratory for small melt- 
ing operations, and the like. The first is one described 
by Mr. Faraday in his "Chemical Manipulation," to 
which the reader is referred for its more particular de- 
scription. It is formed of a large black-lead pot, in 
which is placed a second smaller one, the space be- 
tween the two being filled with pounded fragments of 
old pots. The bottom of the inner one is sawn off so 
as to admit of the grate being placed inside it, to form 
the fire-chamber. The bellows nose is admitted by a 
hole bored through the outer one at its lower end. As 
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Fig. 19. 



a fuel, Mr. Faraday employs coke, and he says that, 
compared to the heat obtained, its consumption is very 
small, and, further, that the want of vessels which will 
withstand the intensity of the heat produced has hith- 
erto been a limiting cause to its usefulness. It ap- 
pears, nevertheless, from his account of it, to be a 
most useful and eftective furnace, and very portable 
and manageable. The furnace known as Aikin's blast 
furnace is formed somewhat in the same way. 

The second form is that known as Sefstrom's fur- 
nace, which I have long been in the habit of using, 
and which is a most effective apparatus. In its con- 
struction two cylindrical ves- 
sels are first formed in very 
stout sheet iron; the larger, 
which is to form the outer 
wall of the furnace, may be 
8 in. high by 9 in. diameter. 
The smaller or inner vessel 
should then be the same 
height, but of 7 in. diameter; 
upk>n the outside of the latter are fixed six small iron 
squares, three at the bottom by way of legs, and the 
remaining three at equal distances round the circum- 
ference, and at 1^ inch from the top ; these serve, when 
the small vessel is in its place in the larger one, to 
keep the two apart, so as to leave an air-chamber, 1 
inch thick, betweem them both at the sides and bottom. 
A sheet-iron ring is formed just to fill up this space 
between them: this is dropped upon the three side 
squares, and the little gutter so formed is next plastered 
up by lute. At the bottom of the outer vessel a taper 
tube is fixed, of about 1 inch diameter at its smaller 
and outer end. This is for connection with a pair of 
table bellows, by which the blast of air is to be sup- 
plied. Then in the inner chamber eight holes of } inch 
diameter are formed; and at 8 in. from the bottom, 
these give passage for the blast to the fuel, all around 
the crucible. The fire-chamber is lined by fire-lute to 
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about I of an inch in thickness, both upon the bottom 
and round the sides; and its capacity is increased by 
a ring of sheet-iron, two or three inches deep, made to 
slip over that part of the inner vessel which stands 
above the outer one; thus increased depth is given for 
fuel* 

In using this furnace, an inverted pot may first be 
put in to serve as a stand for the crucible, so as to 
bring its bottom part about up to the level of the air- 
holes. The fuel is then thrown in to the same level, 
and the crucible put in; next a little hot charcoal, 
when the whole is to be filled round the crucible with 
Itnthracite. In snch a manner the author has melted 
a bar of silver of two pounds weight in about fourteen 
minutes from the time of putting in the pot; but it is 
necessary to have the fael first of a fit size, neither too 
large, nor containing any dust, and also to keep the 
blast steadily up from the bellows. 

In the construction of the small furnaces of the 
laboratory or melting-house, two kinds of bricks are 
employed under the name of fire-bncks, for the ordi- 
nary building-bricks are quite unfitted for such pur- 
poses, the clay of which they are formed being too 
coarse and too much mixed with foreign matters (as 
oxide of iron and the like) to resist the action of the 
fire, as also to sustain changes of temperature ; conse- 
quently they would be speedily destroyed and broken 
up by such use, if at all exposed to heat, and therefore, 
where we are compelled to employ them, it should 
be only for external work ; the fire-chamber in such 
a case being lined with Stourbridge bricks or fire- 
lumps. 

The bricks used in the majority of cases are those 
known as Stourbridge bricks ; they are made from a 
clay of very similar composition to that employed for 
crucible ware, and which, from containing a very large 
proportion of silica, form most refractory bricks. They 

* Both this ring and the squares are omitted in the drawing. 
9* 
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are white, dense, and compact, and most valuable for 
rather larger kinds of work, where there is not much 
shaping or cutting required. But in the smaller kinds 
of furnace- work, where, consequently, some cutting has 
to be done, it is only to be effected by carefully ope- 
rating upon them with the chisel and hammer. 

Hence, for small furnaces, the second kind of bricks 
known as Windsor, or in the trade P P bricks, are very 
useful. These are not much known, as their manu- 
facture is confined to Hedgerly, a small place near 
Windsor. They are of a red color, very silicious, but 
soft, easily cut and shaped, and yet standing heat very 
well. The best method of cutting them is by a piece 
of zinc roughly notched out as a saw, and then the 
more accurate figure required may be readily given 
them by grinding upon a rough flat stone. In this 
way the small circular furnace made by Dr. Newman, 
and sold by him as his "universal" furnace," is lined by 
cutting the bricks with care to the radius of the circle 
they are to form, when they key in like an arch, and 
so need no luting whatever. 

Lutes are a class of cements formed for the most 
part of refractory clays. Thus, when employed as a 
mortar in furnace- work, they give the finished work a 
homogeneous structure. They are also used to cement 
the joints of apparatus, as covers upon crucibles, the 
junctions of tubes, the fitting up of muffle-work, and 
the like. 

Stourbridge day forms by far the most applicable 
lute, and when ground up with a portion of previouslv 
burnt clay or broken crucible-ware, it will resist high 
temperature better than any other material. The ad- 
dition of the burnt clay tends to diminish its contraction, 
and so prevents cracking to any great extent. In using 
it, the powder should be moistened with water, allowed 
to soak a little time, and then well beaten with a heavy 
wooden mallet until quite plastic, and in that state it 
should be employed. 

Speaking generally of clays, they are composed of 
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alamina, mlica, and water; when comparatively pure 
they are nearly white, but they are generally aaso- 
ciated with other bodies which modify their appearance 
and properties. Thus they frequently contain lime, 
magnesia, and oxide of iron. When heated, their water is 
driven off, and they shrink considerably, as in the burn- 
ing of ordinary bricks for example. If strongly heated, 
partial fusion takes place. Thus in some kinds of pot- 
tery the glazed surface is a fused one, and again the 
clinkering of bricks is an example of the same fusion. 

The plastic paste obtained as above, by moistening 
clays with water, is very tenacious, and hence capable 
of being moulded into various forms, as into crucibles 
or muffles; and it is found that the most refractory 
vessels and materials are those formed of clays which 
contain the largest proportion of silica. This acts by 
rendering the vessels less liable to split by rapid or 
sudden application of heat. Hence sand is a common 
addition to clays deficient in silica. 

The following table, containing some analyses of 
Stourbridge and Newcastle clays, will give the reader 
a clue to the relative proportions of the chief consti- 
tuents: — 
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It will be seen that, in the two single analyses of 
Newcastle clay, great difference as to the proportions 
of silica, alumina, and oxide of iron exists, ana, conse- 
quently, corresponding difference in their character- 
istics in use ; but in the last column, where an average 
of seven varieties is given, it will be observed that, upon 



104 OP HKATlNa APPARATUS, FUBNACES, ETC. 

the whole, their proportions very much assimilate those 
of the Stourbridge clay. 

As has been said, Stourbridge clay is of almost 
universal application as a lute, and similarly Windsor 
loam may be used. The latter is a natural mixture of 
clay and sand, and serves well, when applied as a coat 
to clay vessels, to diminish their porosity. For this end 
it should be mixed with a tenth part of borax, and the 
mixture made tolerably thin with water, so as to apply 
it with a brush. 

There is also a lute much used for the latter pur- 
pose under the name of " Willis's lute." It is made by 
dissolving 1 oz. of borax in half a pint of water, and 
then adding slaked lime enough to form a thin paste ; 
this is brushed over the vessel and allowed to dry. 
TheU; before UHing, a second coat of slaked lime in 
linseed oil is applied. This latter should be of the 
consistence of a plastic mass. The vessel is then 
allowed to dry for two or three days before using, 
when the pores will be found to have been thoroughly 
closed up if the application has been carefully made* 

For luting glass apparatus plaster of Paris forms an 
excellent lute, especially if mixed with glue-water, 
when it will dry and form a very firm joint. The 
secret in using plaster of Paris consists in making it 
sufficiently thin, and applying it quickly. The glue 
causes it to dry slower and assists in forming the joint. 

For the formation of crucibles there is no material 
equal to such clays as contain little or no lime or oxide 
of iron. .But evea crucibles so formed are more or less 
fusible under strong heats, especially when used with 
certain fluxes, which are liable to act upon them. 

Their infusibility is, however, much increased by 
well working up with the clay a portion of carbide of 
iron or graphite, or even of coke. Crucibles contain- 
ing the former addition are known as black-lead cruci- 
bles. Their capacity for resisting changes of tempera- 
ture is also increased by this mixture, even as by that 
of sand, Bint, or ground-up pots, as before mentioned ; 
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bat all these qualities are far best obtained by means 
of graphite in moderate quantity; if, however, it bears 
too great proportion, it is liable to burn out and leave 
a porous crucible. The mixture should not exceed 
two or three parts of black lead to one of clay, accord- 
ing to circumstances. 

But, although excellent in the above desirable quali- 
ties, there are cases wherein we cannot employ black- 
lead pots; for instance, metallic oxides, if heated in 
them, are sure to be reduced, consequently, in such 
cases, we are thrown back upon the ordinary clay 
crucible. 

Of these, three kinds are in common use, the Hessian, 
or triangular, Cornish, and London pots. 

The first are of a coarse brown clay, and bear a very 
high temperature without getting out of shape, nor are 
they very readily acted upon by fluxes. 

The Cornish pots are whitish in color, and of much 
the same value, in regard to use, as the Hessian. The 
London pots are neater and more cleanly in appearance, 
but are the worst in quality, being very readily soft- 
ened, and, moreover, not capable of standing changes 
of temperature without cracking. Hence the large 
employment of black-lead pots where practicable. 

Of all fluxes there is none so destructive to clay 
crucibles as litharge, it will corrode and eat completely 
through it by forming fusible compounds with the 
silicates of the clay; but the alkalies, or calcareous 
matters contained in the ash of the fuel employed, also 
act as a corrosive flux upon them. Hence, we some- 
times inclose a crucible in a second one, with a layer 
of clay between them. 

It is also customary to line a crucible where we fear 
it may be acted upon by its contents, or where it is an 
object to prevent their adhesion to it; or at other times 
this is done to furnish carbon to metallic oxides to be 
heated and so decomposed. For these purposes, char- 
coal is employed, ana in the following manner: The 
crucible is first wetted; then a paste of powdered 
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charcoal with water is pressed od to about half an inch 
thick with a wooden pestle ; after slightly roughening 
this, a second is applied; and again until the pot is 
full. Then the centre is scooped out as much as re- 
quisite, and it may be to within half an inch of the 
bottom, and a quarter or less at the sides, the surface 
being at last left quite smooth by burnishing. Where 
such treatment is inapplicable, as in some cases where 
litharge is employed, the action of the latter may be 
much diminished by rubbing the pot well over with 
ochre, or even with chalk. 

In the manufacture of clay crucibles, the day, after 
being exposed to the air, is ground, and then treated 
with water; and if black-lead crucibles are to be made, 
this substance is mixed with the material. As their 
excellence much depends upon thorough incorporation 
of these matters, the mass is next well worked up in 
a brickmaker's pug-mill, or, in some places, it is trod- 
den for some hours by the feet until it becomes 
thoroughly plastic. It is then formed into crucibles 
upon an ordinary potter's wheel, after which they are 
dried slowly and burned. 

In order to ascertain the qualities of crucibles, the 
following tests may be employed : — 

First, if they are ordinary clay ones, they are to be 
heated intensely, and then exposed to sudden cold by 
withdrawing quickly from the furnace; if they stand 
this, it will be as much as can be expected from them. 
But, in the case of black-lead pots, they should be ca- 
pable of bearing the sudden plunge into a vessel of 
cold water at the moment they are withdrawn from a 
hot furnace, the pot being of a full red heat when 
plunged in. 

Secondly, they should be examined as to their fusi- 
bility, by taking a small fragment, and heating intensely 
before the blowpipe ; if the ragged edge remain so, 
without rounding from fusion, the pot is perfect in this 
respect. 

Lastly, the closeness of their texture is shown by 
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the time elapsing, after filling them with water, before 
it appears externally. Sometimes, however, they are 
made purposely porous, as in the case of assay pots, 
where metal is first introduced into the pot with water, 
the last portions of which have been driven out during 
the annealing of the metal. 

Crucibles are sometimes formed of iron ; thus, in our 
Mint, all the silver for couiage is melted in iron pots. 
Their use, however, is more fit for saline fusions in 
the laboratory. Crucibles are also made of fine por- 
celain, of gold, of silver, and of platinum, according to 
desired uses ; the latter being invaluable in the labo- 
ratory of research, from thdir power of resisting chemi- 
cal action, and also from their excellent conduction of 
heat, by virtue of which they become speedily and 
uniformly heated, even in some cases in the ordinary 
gas blast already described. 
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CHAPTER VL 

OP THE FUELS APPLICABLE TO MBTALLURGIO 
OPERATIONS. 

In consideriDg the various fuels applicable to metal- 
lurgic operations, coal may occupy the first place, as 
being, in this country, of by far the largest application, 
either in its raw state or prepared as coke. Coal may 
be called mineralized vegetable matter, which, during 
the change, has been compressed, and also altered in 
its chemical properties, its vegetable origin being com- 
pletely proved by microscopic examination. It contai ns, 
alsO; varying quantities of earthy and inorganic sub- 
stances, and occurs in seams of varying thickness of from 
half an inch to three or four feet, the seams being always 
separated by corresponding ones of true mineral matters, 
such seams being called partings. What are known 
as slates in coal are only portions of this mineral mat- 
ter. 

The appearance of coal varies much ; in some the 
surface is dull, as in cannel coal ; in others, as in some 
anthracites, we have a bright glossy surface, with 
almost metallic lustre. Some coals break-up in con- 
choidal masses, others exhibit a tendency to crystalline 
structure. The specific gravities also vary much, rang- 
ing from 1.00 to 2.00. 

When distilled in close vessels, coal gives three 
classes of products. First, gaseous, consisting of com- 
pounds of carbon and hydrogen. Secondly, liquid, as 
tar, ammoniacal liquor, and other similarly constituted 
bodies. Thirdly, as a residuary product, carbon, with 
the earthy matters originally present. 
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Coal may be classed under six varieties. The first, 
that in which the coal transformation is least complete, 
as in brown Devon coal, where the strongly-marked 
remains of vegetable origin have given it the name 
of "lignite." 

Second, the Cherry, or Staffordshire- coal, which gives 
a sparkling yellow flaming fire, but which consumes 
rapidly. 

Third, the Hard or Splint coal of the Glasgow iron 
district, so called from its splintery fracture. It gives 
a very strong heat and clear fire. 

Fourth, Cannel coal ; a clean coal on the surface, so 
much so as to be wrought like wood into ornamental 
articles. It burns with a clear crackling flame, whence 
it is sometimes called Parrot coal. 

Fifth, the ordinary Newcastle or caking coal. This 
abounds in bituminous matter, and consequently when 
heated after splitting up, cakes together, and gives off 
bubbles of gas. This property renders it very unfit 
for metallurgic operations by rendering good access of 
air impossible, and hence high temperature unattain- 
able by its use. 

Sixth, Anthracite, which of all is, for furnace opera- 
tions, by far the most useful. It is quite free from 
bituminous matter, and, when in its true state, contains 
carbon, inorganic salts, and water only ; but generally 
not being quite true, hydrogen and oxygen -are found 
in it. When any bitumen is present, it is called semi- 
anthracite. Its texture is very hard and compact, being 
the densest coal known; hence it is very difficult to- 
light, and can only be burned where there is a strong 
draught; but, at the same time, there is no fuel which, 
for the same bulk, affords such a powerful beat. Hence, 
for assaying operations, it is invaluable. 

About 10 per cent, of pit coal is made up of ash. 
This ash is composed of alumina, iron, lime, traces of 
magnesia; and with these are associated sulphuric and 
phosphoric acids, but no alkalies are found in it. Iron 
is also associated with coal in the form of iron pyrites, 
10 
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a bisulphide of iron ; and this is a very noxious con- 
stituent where coal has to be employed in metallurgic 
or manufacturing operations, for in burning the sulphur 
is separated, and, by union with oxygen of the air, 
forms sulphuric acid, which latter acts very destruc- 
tively upon all iron plant and apparatus. Again, in 
gas manufacturing, when such coal is distilled, some 
of the sulphur tcaking hydrogen, forms hydrosulphuric 
acid, whilst other portions, by union with carbon, pro- 
duce bisulphide of carbon. 

It is said that the spontaneous combustion which 
frequently takes place in coal-mines depends upon the 
decomposition of this iron pyrites; for, if moisture be 
present, the bisulphide becomes converted into a sul- 
phate ; and during this change so much caloric will be 
evolved as to inflame the carbon under favorable con- 
ditions. 

Varieties of coal are selected according to the re- 
quirements of the manufacture for which they are in- 
tended; and thus "steam coal," ''gas coal," and the 
like, have become common terms; for, in the former 
case, namely, the generation of steam, a strong anthra- 
cite is useful, while for gas-making a fusible coal would 
be preferred. Again, for the reverberatory furnace, 
flaming coal is most valuable, provided it does not 
cake upon the grate, so as to diminish the draught too 
much. This is especially true of coal for iron working, 
for, while a coal containing much carbon is best, it 
must yet have hydrogen and oxygen sufficient to cause 
good combustion without caking. 

We may now consider a yet more primitive and 
natural fuel, viz., wood, which in countries where coal 
is scarce is employed, not only in metallurgic opera- 
tions, but even for domestic purposes. It is the hard 
tissue of trees, and is composed, like its derivative coal, 
almost entirely of organic matter, but containing, 
again, small quantities of inorganic. The former con- 
sists of woody matter, arranged in such a porous or 
cellular manner as to be traversed during the life of 
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the plant by fluids, as sap and water. In addition to 
these, each species contains its own peculiar extractive 
matters; thus, the fir tribe contain turpentine and 
resin; the oak, tannin; others, gums, gum resins, and 
the like; but it is the woody matter which is the com- 
bustible portion, although this property may be in- 
creased or diminished according to tne nature of these 
peculiar principles. 

The density of woods is, in all cases, greater than 
that of water, their apparent lower specific gravity 
depending upon their porous structure inclosing much 
air. Thus it has been curiously shown by Count 
Bumford, that when freed from air all species have a 
remarkable identity of specific gravity, being all about 
1.46 to 1.53. 

The range of specific gravity is, under ordinary cir- 
cumstances, very great, being from 1.35 in the heavier 
woods, as ebony, down to 0.24 in the cork-tree. 

The value of woods as fuel may be estimated by 
taking, first, their density into account, and, secondly, 
the amount of water they inclose. For the greater the 
density, the more solid carbon they contain in a given 
space; and, on the other hand, if they possess much 
water, a large amount of this carbon is expended in 
converting the water into vapor, which carbon is thus 
lost as to effective work. 

For this reason fresh-cut woods are quite unfit for 
fuel, for they then contain water ranging in quantity^ 
from 18 to 50 per cent. Much of this is got rid of bv 
drying, but there is always a certain quantity retained. 
The great range of water above mentioned depends 
much upon the time of year at which the wood is cut 
and examined. Thus, Schubler states, that ash felled 
in January will contain 28.8 per cent, of water, but if 
felled in April, 38.6. Light porous woods, from con- 
taining much air, give a brisk combustion, but at the 
same time rapidly consume the charcoal formed. For 
these reasons, light woods are preferred in porcelain 
works, glass manufactories, and the like, where it is 
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required to give a Qniform temperature to bodies in 
large masses. Tbey contrast strongly, in these respects, 
to dense woods, which consume slowly, and thus form 
a dense charcoal upon the surface, which burns slowly 
away. Hence, for stoves, furnaces, or steam boilers, 
such are to be employed. 

At the close of the combustion of woods, we find an 
ash remaining, consisting of inorganic salts. Their 
bases are potash, ' soda, lime, and magnesia, and, in 
some cases, oxide of iron. These are united with car- 
bonic, phosphoric, silicic, and sulphuric acids, and also 
with chlorine. 

Peat is an incipient kind of fossil fuel, consisting of 
decomposed vegetable matters, containing the remains 
of mosses and aquatic plants. It constitutes the brown 
soil found in bogs in Holland, Ireland, and other places. 

In Holland these bogs average about six feet deep, 
but in Ireland they are often thirty or forty feet. 
Hence, in such places, it comes into use as a fuel ; and, 
in its ordinary dense state, possesses about half the 
heating power of coal. 

After what has been stated with regard to the natural 
fuels wood and coal, it will, perhaps, be seen that for 
many operations the actual carbon, free from much of 
the associate elements, would be most valuable. In 
the case of wood, this is called charcoal; and when 
from coal, coke. 

Charcoal is really our most valuable fuel for small 
operations; although large ones are just as advanta- 
geously carried on by it, its cost limiting its use. Thus, 
some two centuries since, when wood was plentiful in 
England, all our iron-smelting was done by charcoal, 
and even at the present time it is the fuel employed 
for the gold and silver melting in the Mint melting- 
house. 

The manufacture of charcoal is said to have been 
carried on for 2000 years. Its principles are the heat- 
ing of wood with only just such a supply of air as 
suffices to keep up a kind of distillatory process, care 
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being nsed that it is not enongh to allow of actual 
combastion; together with this, the carrjing it on 
sufficiently slowly to insure the hydrogen and oxygen 
of the woody fibre uniting, and not taking any of the 
carbon to form other products. 

The most simple operation for effecting these is char* 
ring wood in a heap ; it is practised houi here and on 
the Continent. The yield of charcoal is by it equal, if 
not superior, to other processes; but, on the other 
hand, all secondary products are lost by escape into 
the air. 

The wood is first cut np into convenient lengths, 
and partially dried. The charcoal-burner then, having 
chosen a moderately dry and well-sheltered spot of 
ground, commences his pile. If too dry, it would 
afford air to the heap ; and i^ on the other hand, too 
wet, heat would be lost in generating watery vapor 
from the ground, which, passing through his charcoal, 
would be decomposed at its expense. The pile is com- 
menced by driving in three central stakes, round which 
the wood is ranged perpendicularly, to the diameter 
the heap is to measure. Other logs are stacked upon 
this first layer, then a third set, and so on, till a conical 
pile is formed. Down the centre a quantity of charcoal 
and brushwood is put between the central stakes, or 
quandelj asi it is called. This fuel is inflamed, and the 
heap then covered tolerably close with turfs, but some 
small openings are lefl on each side at the lower part 
for the escape of the vapor formed. The fuel is re- 
plenished as it burns away, until the heap itself is in 
partial combustion. The first stage is called "the 
sweating," during which the watery vapor is expelled; 
when this is over the charring is allowed to go on for 
several days, the carbonization being regulated in a 
certain order, for which the utmost care is taken in 
regulating the draught. For this purpose chimneys 
are opened in the pile where required, so as to give the 
volatile gases evolved ready escape into the air, lest by 
passing over the burnt portion waste would be caused. 

10* 
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Thus constant watching is requisite, and towards the 
end the heat has to be conducted towards the outer 
rings, in order to carbonize them, a step rendered the 
more necessary by the cooling effect of the outer cover- 
ing, increased as it is by the constant deposit of evapo- 
rating matters upon it. 

When the operation is complete, flame issues around 
the heap, and if any parts do not exhibit this, holes are 
opened to induce it. The pile is now "choked" by 
carefully covering it up with a layer of humid soil. 
Twenty- four hours generally suffice to cool it down; if 
it be not, some soil is taken off and fresh damp earth 
covered over the spot. And when all is cool it is 
drawn; any which may remain incandescent being 
watered, or covered up to extinguish it. 

On the Continent, where charcoal is largely pre- 
pared, the process is the same, but the wood is placed 
horizontally; a more economical way, but, on the 
whole, our charcoal is said to be of better quality. 

Charcoal is sometimes prepared by distillation of 
the wood in close kilns, or iron retorts, by which tar 
and volatile products are collected, and the charcoal 
left as a residuary matter. 

Coke bears the same relation to coal that charcoal 
does to wood; and its formation is by similar means. 
As it is an object in many metallurgic operations to 
get a dense fuel, that is to say, one containing as much 
combustible matter as possible in a small space, it is 
necessary to prepare coke specially, otherwise it is 
readily to be had, but of a lighter and porous character, 
as a residue from gas manufacture. 

In preparing coke for itself alone, the coal is care- 
fully selected, and its method of preparation adapted 
to its after uses. For example, in iron works, it is 
necessary to have a coke which is not friable, other- 
wise the weight used in the furnace would crumble 
the underneath portions, and so cause much dust and 
obstruction to draught. For these operations, then, it 
is generally prepared on the spot, and in simple heaps. 
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The coal is made either into a long rectangular 
heap, or else into a circular mound. If the former, it 
is of about 180 feet long, through this a hole or chan- 
nel is made during the heaping of the coal. The heap 
so completed, a hole is made at regular intervals with 
a stake, passed from the top down into this channel. 
The heap is now ignited by putting hot coals into the 
holes just d^cribed, and the coking commences. The 
heap is watched, and regular combustion insured by 
assisting or by checking the draught in those parts in 
which it may be required. The operation completed, 
the combustion is arrested by a good cover of ash, and 
alter two or three days, in which time it will cool 
down, the heap is removed, and the coke quenched by 
water. 

The same operation is sometimes performed in 
mounds, in which case a single perpenaicular flue is 
made as in the charcoal mound, and then, by leaving 
openings here and there around it, the draught is di- 
rected, or conducted all over the heap. Both these 
operations are, however, rude and uneconomical, in 
comparison with the oven process ; but, on the other 
hand, their being carried on upon the moist and naked 
ground, affords a means of purifying the coke from 
sulphur, for a current of watery vapor sets up through 
the heap, which by decomposition affords its oxygen to 
the sulphur, converting it into sulphurous acid, while 
the hyarogen, set free, takes a portion of the carbon, 
forming carburetted hydrogen. 

If, however, the sulphur exists in the coal in combi- 
nation with a metal, as a sulphide, we then get the 
metal oxidized and hydrosulphuric acid given off. 
The following formulas will exhibit these two reac- 
tions — 

Ist. 2H0+S+C=-S0,-J-CH, 
2d. HO+MS =MO+HS. 

In the plan of oven-cooking as carried on in England, 
a series of Ave or six brick -built ovens are generally 
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placed side by side; at times also the volatile prod acts 
(which as a rule are disregarded) are collected. Thus in 
some works gas-makiDg is carried on by some such 
arrangement, so that a dense and valuable coke is left 
after the distillation of the gas. 

The ordinary dimensions of these ovens are about 
ten feet in width by twelve in depth, and eight feet 
high, with walls built of about two feet thick in fire- 
brick, the roof being of the same, and arched over from 
side to side. In the crown of the arch a round opening 
is left for volatile matters to escape, and in front 
a door of about three yards square is formed, and 
generally swung by a chain aud lever. Now, in ope- 
rating, the charge is partly introduced by the door, 
but completed from the top, by which the angles of 
the oven get well filled, and the presence of too much 
air is guarded against, which would cause waste. 

In ordinary, from the coke being removed hot, igni- 
tion takes place as soon as a fresh charge is introduced ; 
if it does not, hot wood is placed in the front door; 
quantities of gases are at first evolved, so that the top 
door is left 5pen, and the front partially so, when these 
cease they are closed, and after the final completion 
of the operation and a slight cooling, a jet of water is 
thrown in by a hose. 

This not only brings the temperature of the coke 
down so as to allow of its removal, but also, by gene- 
rating steam, afibrds elements for the final expulsion 
of the sulphur, as described in mound coking, while 
the coke left is of a denser, brighter, and more sonorous 
character. Care is, however, taken that the cooling 
down of the oven is not carried too far, for it is found 
that when the fire-bricks are well heated, the coke is 
of a better quality and less spongy than the first 
charges of a newly-lighted furnace would be. 

An excellent kind of coke is now made from gas tar 
being left as a residue in the retort after the volatile 
products have been eliminated from it. Thus, Dr. 
Bonalds is now making this fuel (at his works at 
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Edinborgh), which is nearly pure carbon; he gets it 
as a remainder after having obtained creasote oil from 
the tar. A specimen of this tried by the author was 
found to be excellent, but it must be broken up to the 
most useful size to insure its full heating effects. 

In considering the application of the above fuels for 
smaller metallurgic operations, it will be seen that the 
really useful ones are charcoal, anthracite coal, and 
coke. Wood may be dismissed with the observations 
already made upon its disadvantages, the principal one 
being loss of heating power in getting rid of water and 
volatile organic products. 

But in charcoal we have a fuel not to be equalled 
for all delicate operations, being quite pure carbon, 
and, above all, free from sulphur. On the other hand, 
for larger operations its cost is very considerable; 
while for small ones, from its porous structure and its 
compact nature, it must either be broken into pieces 
of a convenient size (about that of a large walnut, for 
instance), or else very large, and consequently incon- 
venient apparatus, must be employed. 

On the whole, anthracite will be found most appli- 
cable. It is of all coal the most dense, and capable, 
in a small fuel space, of affording a large concentrated 
heat. Then the amount of- water it contains being 
small, is not enough to cause waste of heat in vapor- 
izing it, while, on the other hand, it effects the splitting 
up of larger portions into effective-sized fragments. 
This is a point of vital importance in most furnace 
operations, but particularly so in muffle or cupelling 
furnaces, where the fuel should be uniform in size, and 
quite free from dust. 

Coke may be classed with anthracite as to its cha- 
racters ; both are difficult to kindle, from the absence 
of volatile inflammable matters. For, in the combustion 
of coal, the first application of heat distils off some of 
these, which, at once igniting, kindle the carbon. But 
in coke or anthracite the heat has, unassisted, to act on 
the carbon. 
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Coke is better broken at once into lumps of a fit 
size, for, as it contains no water, it does not break ap 
in burning like anthracite. 

There are two methods by which the heating power 
of fuels may be determined experimentally. The first 
is that of Count Bumford, and consists in finding how 
many pounds or ounces of water will be raised one 
degree Fahr. by the combustion of one pound of the 
fuel. 

The second is the method employed by Berthier ; 
this is easy of execution, and afifords close results. 

He powders about 6 grains of the fuel, and inti- 
mately mixes it with about 150 to 200 grains of lith- 
arge. The mixture is packed closely in a clay crucible, 
and covered well with a layer of fresh litharge. The 
crucible is then well luted up, placed in the fire, and 
heated, until the whole of the carbon and hydrogen 
are burned. 

The mass swells considerably from the escape of 
water and gases ; but, towards the end of the opera- 
tion, the crucible is gradually raised to a full red heat, 
after which the metallic particles reduced from the 
litharge are agglomerated by a few gentle taps of the 
crucible on a stone. When cold it is broken, the but- 
ton of lead detached from the pot, cleaned from inor- 
ganic ash and slag, and weighed. From the number 
thus arrived at, the amount of oxygen required for the 
combustion is calculated. Thus, where pure carbon 
has been tested, it is found that 34:| times the weight 
of metallic lead has been reduced. This, then, affords 
a point of comparison. Some figure must next be as- 
sumed to represent the heating power of pure carbon, 
and Mr. Andrews (an experimenter upon this subject) 
has taken the number 7900. Thus we have data for 
further calculation. 

Suppose, then, in examining a specimen, we found 
that 20 grains of lead were reduced ; we then say, as 
84.5 (the weight reduced by pure carbon) is to 7900 
(its assumed heating power), so is 20 (the number of 
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grains now reduced) to the heating power of the speci* 
men, which would give the number 4580 as the result 
sought. , 

But it may be anticipated that coal, wood, &c., from 
containing other elements, would possess heating power 
by virtue of the hydrogen, or hyarogen compounds so 
contained. This is true ; but where oxygen is supplied 
sufficient to convert the hydrogen into water, the result 
obtained as above will, notwithstanding, come very 
near the truth. 

It is often necessary to ascertain the temperatures at 
which many operations which are carried on at higher 
ones are effected, although more upon scientific con- 
siderations than practical ones, because, for the latter, 
the eye is commonly a sufficient guide. For instance, 
all persons engaged in metallurgic operations at once 
understand what is meant when we speak of a dull 
red, a full red, or a white heat. It is for bringing 
these terms into a numerical shape that the instruments 
called " pyrometers" are used. 

As Mr. Wedgwood's pyrometer is even now fre- 
quently referred to in scientific works, it must be briefly 
described, although but for the purpose of showing 
that its indications cannot be depended upon. It is 
founded upon the principle of the contraction occur- 
ring in a piece of fine clay, by exposing it to the tem- 
perature desired to be measured. This contraction 
occurs from the clay (a compound of alumina and 
water) parting with its water by heat. But it has been 
proved that long exposure to a comparatively low tem- 
perature will e&ct this just as well as the quick action 
of a high one, added to which, for each operation a 
fresh piece of clay had to be employed, and perhaps 
no two specimens were uniform in composition. Hence 
the instrument is useless, although simple in its con- 
struction and manipulation. It consists of two brass 
rules, fixed upon a plate, and gradually converging. 
This gauge, as it may be called, is divided into 210^, 
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each one of which Mr. Wedgwood sapposed to be 
equal to 180° of Fahrenheit's thermometer scale. 
Then, for use. a cylinder of clay was passed up the 
gauge, and the point noted ; the clay was next exposed 
to the temperature to be measured, when the difference 
between the scale degree to which it* now passed up, 
and the former one, was presumed to be the tempera- 
ture sought. 

In the pyrometer of Mr. Daniell, the result is arrived 
at by ascertaining the expansion that a small bar of 
platinum undergoes by exposure to heat; and the 
proof of the accuracy of its indications is found in the 
fact, that the same results may be over and over again 
obtained from it. For instance, the temperature at 
which gold fuses will be found uniformly to be 2016°, 
however frequently we try it. 

It consists of a bar of platinum of about 6 inches 
long by a ^ inch diameter ; this is inclosed in a corre- 
sponding cavity bored out in a bar of well-baked black- 
lead crucible ware, which is formed with a shoulder 
rising above the cavity on one side. Against this a 
short index piece of porcelain is laid, and touching 
the outer end of the platinum bar when in its place. 
This index is then strapped by a platinum ring and a 
porcelain wedge to the shoulder of the black-lead bar. 
As the expansions are small in so short a piece of 
metal, and, moreover, are actually diflferences of ex- 
pansion between the platinum and the black-lead ware, 
a scale is used to measure them, where a radius arm is 
so disposed on a graduated arc as to multiply the indi- 
cation. In using this pyrometer, the platinum bar and 
index having been firmly strapped in their places, the 
arrangement is exposed to the heat to be measured. 
By this, the metal will be elongated, and as it is con- 
fined by the bottom of the cavity of the black-lead bar, 
the expansion will take effect at the top end, and it 
will push forward the porcelain index. Then as it 
cools, although the metal bar will retract, the index 
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remains at the point to which it was forced out, having 
been kept there by the platinum strap. It then only 
remains to measure the amount of extension by the 
graduated arc mentioned. 

Now, although the degrees are arbitrary ones, they 
are got by comparing each instrument by experiment 
with a good mercurial thermometer, and so in their 
value they follow on those of the Fahrenheit scale. 



U 
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CHAPTER VII, 

metals of ths fibst class, 

Mercury. 

The class of noble metals being probably tbe more 
important one to tbe dentist, it will be well to com- 
mence the examination of individual metals with those 
of the class; and first of these with mercury. This 
metal has been known from the remotest times, a fact 
not surprising when we observe the thoroughly metal- 
lic appearance of native mercury, a state in which 
much of it naturally occurs. But the first really prac- 
tical notice of mercury is by Dioscorides, who describes 
a method of reducing it from cinnabar, or, as that ore 
was then called, minium; a misnomer, said by Thomp- 
son to result from its being adulterated with red lead. 
As an apology for this admixture it may be stated 
that the natural color of the cinnabar was modified 
by the red lead, for the ancients used cinnabar very 
largely, not only in the arts of decoration and painting, 
but also, in less civilised countries, to paint their bodies 
with ; and this with impunity as regards any mercu- 
rial effects, as it is one of the inert mercurial com- 
pounds. 

No doubt the first supplies of the metal were from 
native mercury ; and thus Pliny distinguishes between 
such metal and that obtained by reducing the ores; 
designating the native metal as Argentum Yivum, the 
reduced as Hydrargyrum, whence it is doubtful if he 
believed them to be the same metal. He also distin- 
guishes between cinnabar and minium. At the present 
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time the chief supplies consist of redaoed metal from 
the ore. The ores are the following : — 

First, Cinnabar or sulphide of mercury ; this is an 
ore of a brown-red color streaked with scarlet, the latter 
color being due to nearly pure vermilion. The latter, 
according to Sefstrom's analysis, is composed of 86.29 
parts of mercury, combined with 13.71 of sulphur ; but 
the native ore gives very varying proportions of these 
two components, depending upon the locality where it 
is found. Thus, 100 parts of ore from the mines of 
Almaden, in Spain, are composed of mercury 86 to 41 
parts, sulphur 16 parts, and foreign matters, such as 
gangue, other metals, silica, water, Ac, 43 to 48 parts. 
The ore from Idria, in Austria, contains mercury 61, 
sulphur 8, and foreign matters 41. Californian ore, 
mercury 70, sulphur 11, foreign matters 19. While 
that from Japan is nearly pure cinnabar, being com- 
posed of mercury 84, sulphur 14, and foreign matters 
only 2. 

Second, Horn quicksilver, or native calomel, so 
called from its translucent, yellow, horn-like appear- 
ance ; it has also a horny cut^ but is sometimes found 
crystalline. It is a chloride, and chiefly found at Idria. 
Iodides and bromide also are found, but more rarely. 

Third, Native Amalgam. This is sometimes formed 
by silver and mercury alone ; at other times gold is 
associated with these. 

Fourthly, much Mercury is found native, and in some 
of the mines it trickles- out from crevices in the ore, 
and collects in any adjacent hollow. It occurs in glo- 
bules disseminated in primitive rocks, which latter have 
the appeai^nce of hardened clay. Mercury so collected 
is nearly, if not quite pure. The great mine at Idria 
is situated in the body of a mountain ; and it is said 
that it was discovered nearly three centuries back by 
the trickling out of the native mercury from a fissure 
through which a small spring discharged itself. 

The mines at Idria are in the possession of the 
Austrian Government, and produce about one hundred 
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and fifty tons of the metal anDtiallj. This is said to 
be about a fourth of the quantity which might be 
obtained from thero, the working being checked as to 
quantity, in order to keep up the price of the mercury. 
But they have also vermilion works here, at which, 
in addition, about ninety tons of vermilion are made 
during the same period. 

It is found that lime will very readily separate the 
sulphur from mercurial ores, hence in the best worked 
establishments this body is employed, by being mixed 
with the ore before the after-furnace operations. But 
a second and more primitive method of reduction is 
carried on at both the Idrian and Almaden works, viz., 
the heating of the ore alone; sufficient air being at the 
same time allowed to enter the furnace to convert the 
sulphur into sulphurous acid, and so set the mercury 
free. 

The construction of the furnaces for effecting the 
reduction at the Idrian works may be explained by 
the accompanying diagram. 

A fire-chamber, a, is placed at the lower part of the 
body of the furnace; above this fireplace are built three 
perforated arches, i, i, h; upon these the ore is placed, 

the poorer kinds, 
^'^' ^* being broken into 

somewhat large 
portions, areplaced 
upon the lower 
arch, so as to fill 
the space between 
it and the second. 
Next, on the second 
arch are heaped 
the smaller frag- 
ments in the same 
way; while upon the third is arranged a series of trays 
containing ore dust mixed with some residues of for- 
mer workings. Adjoining this furnace, on each side, are 
large air-chambers, c, c, for the supply of oxygen to the 
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BQiphar of the ore. From the upper or traj compart- 
ment a floe passes out oo each side into a large con- 
densing chamber, dy entering near its top. Of these 
chambers there are six on either side of the furnace, 
constituting two distinct sets; the chambers in each 
set communicating by openings alternately at top and 
bottom! From the sides of the last one a series of flanges 
projects in a slanting direction, almost from side to 
side, and upon these a stream of water is kept flowing 
from the top to the bottom. This last is also higher 
than the others, and terminates in a chimney for the 
escape of any uncondensed vapors which may pass 
through the entire set of chambers. The whole of this 
apparatus is doubled by a second series being built at 
the back of the first. The dimensions of the face of 
the arrangement are one hundred and eighty feet long 
by thirty feet high. 

In working, the furnaces are first charged with ore, 
and the openings and doors luted up (there being an 
opening into the top of each condensing chamber); 
next, a good brisk wood fire is kindled in the grate, 
which is sustained until the furnace and ore are of a 
cherry-red heat. Distillation will then commence, and 
as long as this goes on the heat is carefully kept up, the 
space of time being generally about twel ve hours. The 
mercurial vapor becomeshighly heated, and thus causes 
a strong draught through the condensing chambers, 
and consequently from the air-spaces into the body of 
ore operated upon. The vapor passes into the first 
chamber in company with the sulphurous acid result- 
ing from the oxidation of the sulphur, some sublimed 
vermilion, and a quantity of soot, the latter two being 
deposited upon the walls. The mercury condenses in 
drops upon the stone floor of the chambers, which being 
inclined to one side, where there is an exit pipe, it 
flows thence to a reservoir. 

As the operation proceeds, the temperature of the 
apparatus rises, and condensation of the metal takes 
place in consequence farther from the furnace, even to 

11* 
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the last chamber ; but here *it is assisted by the cold 
stream of water, as also by extra height in this ter- 
minal one. 

When distillation is over, all is allowed to remain 
closed for about five days, so as to cool down. The 
upper openings are then unluted, and the soot and 
vermilion removed from the walls. These are put 
aside to be reworked, for which they are placed in the 
upper trays of the furnace at a future working. 

The walls are well brushed down, and the whole 
produce of mercury filtered through linen, when it is 
packed in the.iron bottles in which we obtain it. 

It will thus be seen that a week is occupied in each 
working, and as soon as the apparatus is cleared a 
fresh charge is introduced. The charges average about 
56 tons, and, by the employment of about 40 workmen, 
this is got into the furnace in three hours. 

It is said that, at Idria, the operatives are in a most 
sickly and enervated state, and that the cleansing of 
the condensing chambers, in particular, is a most un- 
wholesome operation. 

At the Spanish mines of Almaden the same principle 
of work is carried out, viz., the reduction of the ore by 
air alone; but, as regards the manipulation, it is, if 
anything, more wasteful of labor, health, and fuel than 
the Idrian plan. 

The heating is performed in a Butyrone furnace, as 
it is called. This is a large square chamber, A, of 
about 4 feet in diameter, divided into upper and lower 
compartments by a brick arch placed about half way 
up, and perforated ; over this the charge is introduced, 
partly by a door at the back, and partly by an opening 
at the top. And although it is placed altogether in the 
same chamber, yet, as regards the class and quality of 
ore, the same disposition is made as at the Idrian fur- 
naces, and the fire is made also by brushwood placed 
in a lower chamber. 

But it is in the method by which the metal is con- 
densed that the unskilled and primitive nature of the 
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apparatus is shown ; for this is effected in a series of 
earthenware condensers called aladels, which are ar- 

Fig. 21. 
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ranged in rows or chains across a long brick terrace 
BB, built up level with a series of openings left at the 
top of the ore chamber. This terrace, called the aludel 
bath, is formed by two inclined planes, erected on 
arches ; one of which planes descends to the centre of 
the arrangement, at which point a transverse gutter, C, 
is formed. The second rises again at the same angle) 
to reach a large condensing chamber, D, which is built 
at the other end of this apparatus, and is simply a large 
brick chamber, having a cistern of water at its bottom. 
The total width of the whole system being about 65 
feet. 

The aludels are arranged in a kind of chain, by the 
point of one entering the neck of the following one. 
Their shape and arrangement are shown by the three 
figured below the drawing of the furnace. Thus about 
fifty will complete the chain from one end of the aludel 
bath to the other; of these chains there are six on each 
side of the bath (back and front), consequently from 600 
to 600 in the series, all the joints of which, being well 
luted with clay, will necessarily render this luting ope- 
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ration one of considerable tirae. The middle alodels 
of the chains, being at the lowest level, are provided 
with holes at their undersides, by which the condensed 
metal may run both from the descending and ascending 
halves of the arrangement into the central gutter of 
the bath, whence it flows down a pipe into a receiver 
below, and as they are exposed to the free air, the 
great bulk of the metal is condensed in them ; thus the 
chamber in whi^h they terminate serves to condense 
remaining portions of vapor, which are delivered under 
a screen, so as to conduct them down to the condensing 
water at the bottom. 

The charge of ore worked in this furnace at one time 
is about 25 tons ; and upon this, firing is kept up for 
12 days, when it is allowed to go out ; the system being 
then cooled, the aludels are separated, carried one by 
one to the centre channel, where they are emptied ; any 
metal spilled also flowing to this, from the inclination 
of the bath. The whole product, together with that 
from the condensing tower, is then purified from soot, 
dirt, &c., by a very simple mechanical process, viz., by 
pouring it upon the floor of the working-room, at its 
upper end, which, being slightly inclined to the lower, 
allows the metal to run slowly down to the receiver 
placed there, during which passage the impurities are 
left upon the floor. 

They endeavor so to mix rich and poor ores, that 
the produce of each working shall be about a ton and 
a quarter ; for, if too rich, the condensing arrangement 
is so imperfect, that there will be much loss of mercury, 
and that to the injury of the health of the operatives. 

But the more skilful working of the ore, effected by 
mixing some body with it for. the separation of the 
sulphur, renders the work practicable in close appa- 
ratus ; and the inlet of air, and outlet of sulphurous 
acid, being dispensed with, allow of the mercury being 
at once distilled off. The bodies in use for this ope- 
ration are either iron scales or lime. At the Bohemian 
works at Horowitz the former is used, being mixed 
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with the ore and placed in iron dishes ; these being set, 
one over the other, in a vessel containing water, are 
then covered with an iron receiver. This is surrounded 
with fuel, and thus heated, when the mercury distils, 
per descensum^ and condenses in the water below. A 
somewhat similar apparatus will hereafter be figured, 
as used for separating the mercury from its amalgam 
with silver. 

At the duchy of Deux Fonts lime is employed, 
being mixed with the ore to the extent of one-fourth, 
its weight. This mixture is heated in ordinary earthen 
retorts, and the product condensed in receivers half 
filled with water. 

At Lansberg, in Bavaria, where this process is 
adopted, application was made 
to the late Dr. Ure, in 1846, 
for a plan of apparatus, and 
in the following year the one 
to be described was erected, 
which is in all particulars very 
practical and satisfactory. 

A series of brick arched 
furnaces is built, in each of 
which are set three large iron 
retorts. A, of the form used in 
England for gas making. They 
are suf&ciently 
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large to contain a 
charge of, at least, 
five cwt. or more. 
The fire-chamber 
is placed directly 
below them, and 
central; but the 
retorts are pro- 
tected from the 
direct action of the 
flames by being 
bedded on fire- 
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lumps, b. At the back of each retort (see section) a 
large iron pipe, G, passes down into a kind of hydraulic 
main, D (a large iron condenser of eighteen inches 
diameter), the pipe terminating just below the surface 
of the water with which the condenser is half filled. 
The latter is placed at a slight inclination in a trough 
of cold water, E, and furnished with a water- valve, by 
which air can enter in case of a vacuum being formed 
in one of the retorts, which would lead to the rushing 
up of the water into it, and produce an explosion. 
Below the lower end of the condenser is a large locked- 
up cistern, into which the mercury flows, and, being 
furnished with a gauge, indication is thus afforded 
when to open it and take out the product. 

For the operation the ore, coarsely powdered, is 
mixed with quicklime, and each retort is charged with 
about six cwt. of the mixture. The heat is maintained 
at a uniform and requisite temperature, and thus injury 
to the apparatus from changes is avoided. The heat 
being thus at once available, a charge is worked off 
in about three hours; so that from twelve cwt. to a ton 
of mercury could be obtained daily; and although the 
apparatus is efficient for any ore, it is particularly so 
for the richer ones. 

Such are the methods of obtaining commercial mer- 
cury, and although frequently it is very pure, yet 
where zinc or bismuth has been associated with the 
ores, these metals are sure to have distilled over with 
the mercury, and contaminated it. 

Again, in commerce, it is often fraudulently adulte- 
rated with lead and tin, or with bismuth, which are 
readily soluble in it; hence, as it is, for scientific ope- 
rations especially, required quite free from such ad- 
mixture, methodis of purifying it must here be con- 
sidered. As tests of its purity, it may be dissolved in 
nitric acid, when, if pure, after evaporating to dryness 
all should volatilize. It is known to be impure i^ on 
shaking it in a bottle with air, any black powder is 
formed, or if, when poured out on a clean surface, and 
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then gently inclining the same, the globule rolls in an 
elongated form, and leaves a dirty streak upon the 
surface. 

Althongh distillation of the metal is commonly 
recommended as a means of purification, it is an un- 
certain one, for, as before remarked, zinc and bismuth 
are sure to distil over with it, if one or other be pre- 
sent; or, if not yery carefully done, the metal itself is 
apt to spirt up, and pass over into the receiver. If, 
however, this method be employed, a strong glass 
retort should be used, and filled about one-third with 
mercury; next, upon its surface, is put a layer of clean 
iron filings, or turnings, amounting to a quarter the 
weight of the mercury. The retort is then bedded in 
a deep sand-bath, and a good inclination given to its 
neck ; this is lengthened by a cone of paper, which is 
made to dip just below the sarface of the water, with 
which the receiver should be half filled, the receiver 
itself being kept thoroughly cool by placing it in a 
basin of cold water. The quantity thus operated upon 
in glass should never exceed two or three pounds 
weight. If it is required to purify a larger quantity 
at once, an iron retort must be employed, which 
may be well formed by one of the bottles in which 
mercury is packed for transmission. To such a bottle 
a piece of iron gas tube may be screwed in to connect 
it with the receiver. 

Upon the surface of the distilled mercury, at the 
conclusion of the operation, there is very commonly a 
film of oxide, and it may even chance of oxide of iron 
also; a small quantity of hydrochloric acid put upon 
this will generally dissolve it, after which the mercury 
must be washed with water, and dried at a gentle heat. 
It is therefore probably better to cover the mercury 
in the retort with one-tenth it weight of coarsely pow- 
dered cinnabar in place of iron turnings. The sulphur 
thus afforded converts foreign metals into sulphides, 
mercury being set free at the same time. 

All things considered, it is better, in place of em- 
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ployiog mercury at all, to operate upon a pure mercu- 
rial compound, which is decomposable by heat. And 
there are three which may be so treated; the sulphide, 
chloride, and the red oxide. The first two may be 
treated with one part of lime; or if a third be used, 
simple distillation suffices. But here the product is 
apt to have a film of oxide reproduced unaer the in- 
fluence of the heat, although if it occur it may be 
removed by a little warm nitric acid made very dilute. 

There are, however, methods of purifying mercury 
without distilling, namely, by digesting it in agents 
capable of dissolving out, and combining with impu- 
rities; and for such either sulphuric or nitric acids, or 
even nitrate of mercury, may be employed with excel- 
lent effect. If nitric acid be chosen, it should be diluted 
with about eight parts of water; the mercury, put into 
a flat-bottomed flask in a shallow layer, is then covered 
with the acid,, and the whole digested for some hours 
at a temperature of about 130^ F. During the digest- 
ing, it must be frequently shaken, so as to expose it 
well to the action of the acid. But little, if any, of the 
mercury is dissolved, if it be impure. Lastly, the acid 
containing the foreign metals in solution is separated, 
and the purified mercury washed and dried. 

The manipulation is the same where nitrate of mer- 
cury is used, and for the purpose one-eightieth part of 
the salt may be employed, dissolved in a small quantity 
of water; but hereGmelin advises boiling for some hours. 
The metals removed by the decomposition of the salt 
will be replaced by its mercury. 

If sulphuric acid is employed, it is to be shaken for 
some hours with the mercury, and its strength increased 
in the proportion in which we may presume impurities 
to be present. The operation is here stopped when 
the acid ceases to become turbid, and the metal then 
washed and dried as in other cases. 

Dr. Miller recommends a very simple means of puri- 
fying mercury, namely, by putting it into a bottle to 
the amount of about one-fourth of its capacity, a little 
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finely-powdered loaf-sugar being next added, and the 
bottle stoppered ; the mixture is vigorously shaken for 
a few minutes ; the bottle is then opened and fresh air 
blown in by a pair of bellows, after which it is again 
shaken ; this treatment is repeated three or four times, 
and the mercury then filtered by pouring into a cone 
of smooth writing paper, having its apex pierced with 
a fine pin; the sugar is left behind with oxides of 
foreign metals, and also a certain quantity of the mer- 
cury, in a state of fine division, is retained by the filter. 

Mercury may also be filtered by squeezing it through 
a piece of chamois leather. If previously wet, it should 
be dried by placing it on bibulous paper, and after- 
wards gently warming it. 

Propertie^.^- Mercury is always fluid down to 40° 
below zero, at which point it solidifies, after which it 
may be hammered out as an ordinary metal, or even 
welded. It contracts considerably, and becomes crys- 
talline in texture during solidification, exhibiting octo- 
hedral crystals. 

It boils at about 660° (the point not having been 
very accurately determined), but it is so volatile that 
its vapor is given off at very much lower temperatures, 
even the ordinary ones of the air. Thus if some mer- 
cury be placed in a dish and covered with a small bell 
jar, and a slip of gold leaf be then hung in the latter, 
it will, in about six or eight weeks, become thoroughly 
amalgamated upon its surface with mercury. Burnett 
(in the Phil. Trans, of the year 1823) gives a curious 
instance of its volatility. Some mercury in the cargo 
of a ship was packed in leathern bags. These becom- 
ing rotten, the metal escaped into the bilge of the ship. 
A very elastic fluid was soon evolved, which covered 
every metallic article in the ship with a coat of mer- 
cury, and at the same time the crew were perfectly 
salivated. 

The specific gravity of mercury is 18.59 at ordinary 
temperatures, while that of its vapor, evolved by boil- 
ing, is 6.976. 
12 



184 METALS OP THB FIRST CLASS. 

Mercury is readily dissolyed by strong Ditric acid, 
and a nitrate formed ; if the acid be dilate, the action 
is slow, and then a quantity of crystals will be depo- 
sited in the solution, these being crystals of the sub- 
nitrate. 

Sulphuric acid dissolves it only by the assistance of 
heat, when a portion of the acid is decomposed to oxi- 
dize the mercury, the oxide so formed combining with 
a further portion of undecomposed acid. Hydrochlo- 
ric acid has no action upon it. It may be combined 
directly, and at ordinary temperatures, with chlorine, 
iodine, bromine, or sulphur. The equivalent of mer- 
cury is 101, at which estimate its two oxides must be 
considered as a suboxide and a protoxide. It is im- 
portant to remember that the old estimate of 202 as its 
equivalent made these compounds a protoxide and a 
binoxide (or peroxide). Its symbol is Hg^ from the 
word Hydrargyrum. 

Compounds with Oxygen, — If we shake mercury with 
air, or oxygen gas, or rub it well with grease or sugar, 
or with ether or turpentine, we destroy its lustrous, 
metallic appearance, and get a gray powder from it : 
this is not, as was formerly supposed, an oxide of mer- 
cury, but chiefly mercury in a state of fine division, 
mixed with a very small quantity of oxide. This may 
be seen by examining the ordinary mercurial ointment, 
or blue pill, with the microscope. These compounds 
will then be seen to be composed of very minute glo- 
bules of the metal, separated by the foreign matter 
employed. Their size averages about the ^J^th of a 
line in diameter. 

A true suboxide may be formed by adding caustic 
alkali in excess to a solution of a subsalt — a subnitrate, 
for example — when it falls as a blackish-brown powder. 
Or, some calomel may be diffused in water, polish or 
soda added, and the mixture well shaken together; the 
black precipitate formed is then to be well washed from 
adherent alkali. This cabnot, however, be preserved 
in an isolated state, as simple exposure to light suffices 



HBBOUBT. 186 

to convert it into the red oxide, the jexcess of metal 
being at the same time set free. It is insoluble in water, 
and by heating is entirely decomposed, the metal being 
left. Composition, Hg,0 ; equivalent, 210. 

The second oxide, or protoxide, is a stable com- 
pound. It was formerly prepared by heating mercury 
in a matrass, to which a very long neck was attached, 
in order to hinder eyaporation. This latter was left 
open, so as to allow of free access of air to the interior 
of the flask. At the end of a month (or thereabouts) 
all the metal was found to be converted into a red scaly 
powder — this oxide, but this process was attended with 
great loss of mercury. Hence the best method of ob- 
taining it is by dissolving either the nitrate or chloride 
of mercury in water, and then adding a solution of 
potash; a dense, bright yellow powder of oxide of 
mercury is then thrown down, which requires to be 
well washed and dried. It may also be produced by 
heating the nitrate to dull redness, until it ceases to 
evolve fumes ; in this way we get a scaly red powder, 
bnt, although the same as the precipitated in composi- 
tion, does not so readily enter into combination. 

Protoxide of mercury or its salts are violent acrid 
poisons. The protoxide is very slightly soluble in 
water, one part being soluble in 7000. The solution 
has a disagreeable metallic taste, and, on exposing it 
to the air, it becomes covered with a film of metallic 
mercury. When the yellow oxide is heated it changes, 
first, to vermilion red, and at last to bluish black, but 
recovers its original color on cooling. Composition, 
HgO; equivalent, 109. 

Compounds tmth Chlorine. — These are two in number, 
and analogous to the oxides ; the first, or subchloride, 
being known as chloride or calomel, and much used 
as an important agent in medicine. 

The subchloride may be obtained by precipitating a 
solution of subnitrate, by means of hydrochloric acid 
or an alkaline chloride. Thus a whitish flocculent 
powder falls, which must be thoroughly washed with 
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boiling distilled water, and dried. But as this pre- 
paration has been said to be less eiScacious than the 
sublimed calomel, the following process is usually em- 
ployed. A sulphate of the red oxide is first made, 
by heating 2 lbs. of mercury with 3 of sulphuric acid, 
and evaporating to dryness. A similar quantity of 
mercury to that first taken is then added, so as to form 
a sulphate of the black oxide. To this a pound and a 
half of common salt is added, and the whole sublimed. 
This latter affords chlorine to the mercury to convert 
it into subchloride of mercury; while the sulphuric 
acid of the mercurial salt combines with the sodium, 
which latter has also become oxidized by the oxygen 
already combined with the mercury during the forma* 
tion of the sulphate. 

The operation may be explained by the following 
formulae; in the first stage, Hg+2SO,=HgO,SO,+SO,. 
The subsequent addition of an equivalent of mercury 
renders the solid residue, Hg,0,SOy Next in the sub- 
liming operation— 

ng,0,SO, + NaCl « Hg,Cl + NaOSO,. 

Calomel may also be obtained by rubbing 100 parts 
of chloride (corrosive sublimate) with 75 parts of me- 
tallic mercury ; these quantities being very closely in 
the ratio of one equivalent of each. The rubbing is 
continued until all metallic globules disappear; and, 
in order to facilitate this, as also to prevent the rub- 
bing away of chloride as fine dust, a little water may 
be added, so as to moisten the whole. Finally the 
mixture is sublimed as before. 

The sublimed product requires to be powdered and 
well washed with hot water: or it may be sublimed 
into a vessel filled with steam, by which it will be 
minutely divided, so as to render powdering unneces* 
sary. 

It is an insoluble compound, which sublimes in 
four-sided prisms of a brownish-white color. Its com- 
position is HgjCl, and its equivalent 237.5. 
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The cbloride, or corrosive sublimate, is prepared in 
the same way, bat with the omission of the second 
quantity of mercury ; hence, in subliming, it is a mix- 
ture of common salt, with sulphate of the red oxide 
which is operated upon. It may also be made by dis- 
solving the red or yellow oxide in hot hydrochloric 
acid, when crystals of corrosive sublimate separate on 
cooling in transparent four-sided prisms, which are 
colorless, and soluble in 16 parts of cold, or in 3 parts 
of boiling water: and it is far more soluble in alcohol 
or ether. The operation called "kyanizing" is the 
soaking of wood in a solution of one part of chloride 
of mercury in 80 of water. And this is found to arrest 
the rotting of the wood in a remarkable degree. Hence, 
also, it is much used for the preservation of anatomical 
preparations : the fluid known as Goadby's fluid being 
a solution of this salt mixed with bay salt and alum ; 
the mercurial salt being in the proportion of a grain 
to a pint. Its composition is HgCl ; equivalent, 136.5. 

There are two iodides corresponding to the chlo- 
rides; they are formed by precipitating the salts of 
corresponding oxides by means of iodide of potassium. 
The subiodide is a green and the iodide a brilliant 
scarlet powder. There are likewise two sulphides. 
The subsulphide is thrown down by passing hydro- 
sulphuric acid into a solution of a subsalt of mercury. 
It is resolved by heat into metallic mercury, and sul- 
phide or vermilion. Composition, Hg^S ; equivalent, 
218. 

The sulphide, or cinnabar, constitutes, as we have 
seen, the common ore; in its artificial state it forms 
vermilion. This latter, from being inert as regards 
constitutional effects, and affording a good flesh color 
by toning down, has been employed as a coloring 
matter for dental purposes. When hydrosulphurio 
acid is passed to saturation through a solution of a 
protoaalt of mercury, a white precipitate falls; this 
becomes black, and when dried and heated in a retort, 

12* 
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yields cinnabar. The black and red products are the 
same bodies, the color only being affected by heat. 

The Chinese vermilion far exceeds all others in 
quality, and its excellence is supposed to dep6*nd in 
some measure upon the sunny climate in which it is 
made. The Dutch is also excellent, and hence they 
were for many years the chief manufacturers of it. 
But their process, at first kept secret, has been described 
in the " Annales de Chimie," and is as follows: — 

Into a polished iron pot of a foot deep by 2 ft. 6 in. 
wide, they put a mixture of 160 lbs. of sulphur and 
1080 lbs. of mercury, stirring the mixture cautiously 
to prevent too violent action, and consequent loss. 
Combination of the two produces a black powder. It 
is next divided into quantities of about 1} lb. each, 
and put into small jars. A set of three subliming 
pots, placed in a suitable furnace, are next arranged, 
so that the furnace flame can be made to play over 
two-thirds-of their height ; these are heated well red, 
and then a small pot of the powder thrown into each, 
and the emptying of the small pots into them is now 
kept up continuously for some 84 hours. Inflamma- 
tion follows the throwing in of each one, the flame 
rising from 8 to 6 feet above the edges of the pots. 
A quantity thus amounting to about 410 lbs. having 
been emptied into each, the pots are covered up, and 
kept heated for a further period of 86 hours, stirring 
being occasionally employed by means of an iron rod 
passed through the pot lid. This lid is also put on 
after throwing in each one of the small pots, as soon 
as the flame has subsided. The subliming pots are, 
lastly, taken out and broken, and the vermilion which 
incrust their upper portions ground, sifted, washed, 
and dried. 

Dr. Ure gives a process by Kirchofi", which the 
former says yields vermilion quite equal to the Chinese. 
It is as follows: 100 parts of mercury are rubbed in 
a porcelain dish with 28 of flowers of sulphur, action 
being assisted by moistening the mixture with some 
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solution of caustic potasb. It is next treated with 58 
parts of hydrate of potass, and an equal weight of 
water, warmed up, and again triturated. The water 
must be replaced as it evaporates, and the operation 
continued for two hours. After this, and still continu- 
ing the rubbing, the whole is to be evaporated to a 
thin paste, and the heat removed the moment the color 
is of a good tint. Even a few seconds too much or 
too little serve to injure the result ; in the first case it 
will become brown, and in the second the color is not 
fully developed. When cold, the mass is washed with 
a solution of potash, and afterwards with pure water, 
and finally dried. 

Vermilion is at times adulterated with red lead, and 
with pentasulphide of arsenic, at other times with 
oxide of iron, and even brick-dust; and, when we 
consider the deleterious character of the former two 
it is necessary to be guarded against them. 

Neither water, alcohol, the alkalies, nor the mineral 
acids, singly, have any action upon vermilion. But 
hydrate of potassa heated with it separates its' sulphur ; 
and, again, nitro-hydrochloric acid converts it into 
HgCI. Its composition is HgS; equivalent, 117. 

Gfiaracters of Mercurial Compounds. — Ist. If a sub- 
stance supposed to contain mercury be insoluble, a 
portion of it may be placed in a hard glass tube, and 
then covered with a thick layer of carbonate of soda, 
and subsequently heated. If mercury be present, it 
will be separated, and condense in globules in a cool 
part of the tube. 

2d. If the suspected body be soluble, a solution of 
it may be made, and into it a strip of clean copper 
placed. Mercury will be reduced upon it, which may 
be polished to a silvery appearance. And if the strip 
be afterwards heated in a tube, the mercury may be 
sublimed oiF the copper. 

8d. Protochloride of tin added may at once throw 
down a gray precipitate of metallic mercury; if it do 
so, the compound contained mercury in the state of 
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suboxide. If, on tbe other band, the precipitate ap* 
pears white daring the addition of this reagent, and 
before sufficient of it baa been added, the mercarj was 
contained as protoxide. The first white precipitation 
depended upon the formation of calomel, which latter 
becomes reduced to the metallic state upon the com- 
plete addition of the tin salt. 

4th. Potash, or Ammonia, gives a black precipitate 
in salts of the suboxide, insoluble in any excess. But 
if potass give a reddish precipitate, and ammonia a 
white one, the mercury was in the form of protoxide. 

5th. Hydrochloric acid, or chlorides, give no preci- 
pitate in salts of protoxide ; but throw down white 
subchloride in salts of suboxide. 

6th. If to the unknown solution, hydrosulphuric acid 
or sulphide of ammonium be added very cautiously, 
and a olack precipitate appears at once, it is due to a 
suboxide ; but if the precipitate is first white, then 
brown, and at last blacki it is from the presence of prot- 
oxide. This last, if removed and heated, will sublime 
as a dark red cinnabar or vermilion. The sulphides of 
either oxide are quite insoluble in excess of the above 
precipitants. 

The methods of estimating the quantity of mercury 
are modified according as to whether it is associated 
with other metals, or exists alone in the compound 
under examination. 

First. If the body be soluble, a careFully weighed 
portion is dissolved in water, and into this solution is 
thrown an excess of protochloride of tin, to which a 
few drops of hydrochloric acid have been previously 
added. The mixture is then carefully boiled for a few 
moments, so as not to lose mercury by evaporation. 
The liquor is next decanted, and the precipitated mer- 
cury got into a small porcelain crucible; it is next 
dried by absorbing the moisture by bibulous paper, 
heated to about 160^ Fahr., and lastly weighed : or, 
even better, dried without heat, by placing the crucible 
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in vacuo with some sulphuric acid. The presence of 
silver or lead interferes with this method. 

Fresenius gives a method of universal application. 
He takes an ordinary combustion tube, 18 inches long, 
and after closing one end introduces dry lime for 2 
inches. Then the compound under examination is 
mixed with excess of soda-lime, and this is placed in 
the next 6 inches of the tube. The mixing mortar is 
then rinsed out with soda-lime, and this is put into tl^ 
next li^ inch of the tube; then soda-lime again for 4 
inches, and, lastly, a plug of asbestos ; after which the 
end is drawn out and bent at a right angle. The tube 
is then tapped on the table to form a space above the 
material, and next arranged in a combustion furnace, 
with the bent end of 

the tube dipping into Fig. 24. 

a flask having water 
over the bottom, as 
in the drawing. Heat 
is then applied by 
charcoal, beginning 
from front to back, 
as in organic analy- 
sis ; and, finally, the last traces of mercury are expelled 
by heating the hydrate of lime at the first end. When 
all has been distilled out, the neck is taken ofi^, and the 
mercury all collected, washed, dried, and weighed. 

A more accurate method is the following one, which 
is very similar in manipulation. In it the compound 
is heated with dry lime, being placed, as before, in a 
combustion tube, but of the shape depicted below the 
furnace arrangement figured in the wood-cut, where 
it will be seen that a chamber is formed at one end to 
serve as a receiver. 

Into this tube a small plug of asbestos is first put 
close up to the receiver end. Then dry fragments of 
quicklime, until they reach nearly to the centre of the 
tube; next the mercurial compound; a carefully, 
weighed quantity of about twenty grains being em- 
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ployed. After tbis the tabe is filled to its front end 
with more lime. It is next arranged, as in the last 
case, in a combustion furnace. To the outer end of 
the tube is connected a small tube from an apparatus 
for the evolution of dry hydrogen gas. A current of 
the latter being passed in, the combustion tube is heated 
to redness by hot charcoal, commencing at the end 
next the receiver, and carrying it back to the outer 
end. After the full decomposition of the specimeui 
the evolution of gas is steadily kept up till all watery 
vapor is driven out; after which the receiver is cut off, 
and weighed with its contents, and again weighed after 
thoroughly cleansing out the mercury, when the loss 
will correspond to the weight of the latter. If nitric 
acid be present in the compound to be analyzed, quick- 
lime cannot be employed, but copper turnings must 
be used instead. 
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CHAPTER VIII. 

SILTER. 

Thbre-is every evidence of the knowledge of silver 
from the very remotest ages. Thus, in the book of 
Job, it is said, *' Sorely there is a vein for silver ;" and 
again, in the book of Genesis, we are told that Abra- 
ham bought the ground for his wife's burial-place, and, 
to pay for it, " weighed oat four hundred shekels of 
silver, current with the merchants." And, somewhat 
later still, the Spanish peninsula was extremely pro- 
dactive of silver. In the middle ages, Austria was its 
chief source, in whose mines it was found as an asso- 
ciate metal with lead, and in the varying proportion 
of from 60 to 600 ounces to each ton of lead. It was 
also obtained j>lentifully in Saxony and the Hartz dis- 
trict. 

At the present day Mexico, Peru, and Chili supply 
vast quantities of silver; in the former principally 
from tne mining districts of Zacatecas and Guanaxuato. 

In Europe the Saxon mines yield much ; and, lastly, 
our own island furnishes a very considerable quantity, 
all from lead mines, much of which was formerly left 
in the lead ; but, since the use of Mr. Pattinson's ex- 
cellent process for its extraction, this silver has been 
profitably separated ; so that, from this source, in one 
year alone, viz., 1862, the large amount of 800,000 
ounces was obtained. 

Silver is found : — First, as native silver, occurring in 
fiat masses, at times arborescent, and often crystalline, 
the cube and octohedron being the prevailing forms, 
also the cubo-dodecahedron. Native silver is often 
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associated in Mexico and Chili with iron in ferruginous 
rocks; whilst in America it occurs with native copper, 
large masses often being seen to consist of the two 
metals diffused, although distinct from each other. 

Also, as sulphide of silver, either alone, or mixed 
with certain other metals, viz^ iron, copper, antimony, 
arsenic, and tin. The sulphides may be divided into 
three kinds, dependent upon these admixtures. First, 
there is the common sulphide of Mexico known as vitre- 
ous sulphide. This is one of a leaden color, having a 
vitreous conchoidal fracture, but occurring sometimes 
crystalline. It is very fusible, and also readily yields 
its silver by parting with sulphur. It is very abundant 
at Zacatecas and Guanaxuato. Composition: Silver, 
86, sulphur, 14. But small quantities of copper, iron, 
and antimony are frequently mixed with it 

Another sulphide is known as brittle silver ore, which 
in appearance much resembles the last, except in being 
of slightly darker color. This, also, is readily decom- 
posed by heat, and, during decomposition, evolves 
fumes of arsenic and antimony, the former being recog- 
nized when present by its peculiar garlic odor. This 
ore is found, not only in Saxony and Hungary, but 
also in Mexico, Peru, and Chili. Composition : Silver, 
66.50, antimony, 10.0, iron, 5.0, copper and arsenic, 
0.5, sulphur, 12.0. 

The third sulphide common in all silver mines, but 
particularly at Freyburg, is the red silver ore. This 
is a crystalline ore, often occurring in beautiful ruby 
transparent crystals, wherein the sulphides are asso- 
ciated with oxides. It contains antimony largely. 
Composition: Silver, 56 to 62, antimony, 16 to 20, 
sulphur, 11 to 14, oxygen, 8 to 10. 

Next. We have chloride, and also iodides, and bro- 
mides of silver. The former, or native horn silver, is 
one of the most abundant ores of Chili. It is a true 
chloride, and although most commonly amorphous and 
horny in its appearance, is also at times found crystal- 
lized in very small cubo-octohedral crystals. Its color 
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18 yellowish, and capable of being darkened by expo- 
sure to snnligbt, just as ordinary precipitated chloride 
of silver would be. If fused before the blowpipe, its 
chlorine will be driven ofl^ and a button of silver left. 
Composition : Silver, 75.8, chlorine, 23.7. 

Native alloys are found, and thus an amalgam of 
mercury with silver exists in many localities. It is 
silvery white, and often crystallized ; at times of a green 
tint on its surface, dependent on the presence of copper. 
Average composition : Silver, 36 parts, mercury, 64. 

Lastly, what is known as antimonial silver is a 
natural alloy of antimony and silver, containing 84 of 
silver to 16 antimony. 

There are several methods of separating silver from 
its ores, but they may all be classed under three dis- 
tinct processes. First, may be mentioned a number of 
operations, which are all methods of uniting the silver 
of the ore with a quantity of lead ; these two being sub- 
sequently separated. Secondly, some ores are treated 
by conversion of the sulphide into chloride, and then 
reducing the latter into metallic silver. Then, thirdly, 
we have the great process, by which all the Mexican 
and Saxon ores are reduced, viz., amalgamation. 

For carrying out the first process, the silver ore is 
fused in crucibles either with lead, or with lead ores 
which themselves contain silver. By this the salphide 
of silver, and a portion of sulphide of lead, are reduced, 
and will separate from the rest of the mixture, and, 
floating on the top, form an alloy of lead with silver, 
below which will be a mass of metallic sulphides, with 
some sulphide of lead. The alloy is then separated 
from the undecomposed sulphides, and heated in a cur- 
rent of air upon a cupel, so as to oxidize the lead and 
leave the silver. 

The second process has been introduced in Mexico 
for the purpose of doing away with amalgamation. In 
this, the sulphide of silver is first roasted in a rever- 
beratory furnace, by which it becomes oxidized, and 
the sulphur thereby converted into sulphuric acid. The 
13 
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sulphates consequently formed are extracted with wa- 
ter ; and into the solution of sulphate of silver so 
obtained, plates of copper are immersed ; these reduce 
the silver at once to the metallic state. Sometimes, in 
place of roasting the sulphide of silver alone, common 
salt is added, and thus a chloride of silver obtained, 
which is dissolved out by a hot solution of chloride of 
sodium, and reduced to the metallic state by copper. 

Where other metals contained in silver ores are dis- 
regarded, the amalgamation processes are applied, but 
where it is an object to separate such foreign metals, as 
where silver is obtained from lead ores, or from argen- 
tiferous copper, the above or some other operations are 
practised. Thus, in the separation of silver from cop- 
per ores, the black copper, as it is called, is mixed with 
poor lead,, equal in amount to 600 times the quantity 
of silver estimated to be in the ore, and then cast into 
disks or cakes 'of about 3 inches thick and 2 feet in 
diameter. These (weighing about 8| cwt. each) are 
subject to a process called liquation, or sweating, per- 
formed bv placing them in a furnace, and then heating. 
By this the lead runs from the mass, carrying the sil- 
ver with it, and also small portions of copper, while a 
mass of spongy copper will remain, constituting the 
skeleton of the disk, although retaining, at the same 
time, small traces of lead. 

The third process, that of amalgamation, is practised 
in its most primitive manner at the Mexican mines, 
where the details of the operation are as follow : After 
having overlooked all the ore, and cast out all portions 
which from poverty would not be worth working, and 
at the same time having set aside any others which 
from richness will answer for direct smelting, the re- 
mainder is broken into moderate-sized lumps, and then 
taken to stamping-mills. These are a series of iron 
mortars, in eacn of which by an axis with a cam upon 
it, corresponding to each mortar, a large vertical stamp, 
or pestle, is made to work: these stamps, weighing 
about 200 lbs. each, soon reduce the ore to a coarse 
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dast. The dost bo obtained is then removed to the 
crushing-mills, to be ground fine. These mills, or "ar- 
rastres,'* are round cisterns of about 4 yards in diame- 
ter; the bottom is formed of pieces of porphyry of 
abont 18 inches long, by 4 square, placed verticallr 
one against the other. From the centre of the mill 
rises an upright shaft, to which are attached two cross- 
bars ; to these the mules are harnessed, and the grind- 
ing-stones tied. These are of porphyry, and are, in 
length, a little less than the radius of the mill, and 
about 16 inches thick. By this grinding, which lasts 
about 24 hours, and which is carried on wet, the ore 
is reduced to an impalpable powder, which is removed 
from the mills to a large shallow tank, where it is al- 
lowed to remain until the surplus water has evaporated, 
after which it is removed into a large, paved court- 
yard, or " patio," where it is spread out to the thickness 
of about a foot, the whole mass to be operated upon 
weighing about 60 tons. A quantity of common salt 
is now added, in the proportion of from 8 to 6 per 
cent, of the weight of the ore, after which the mass is 
well trodden by mules for a few hours, when it is al- 
lowed to remain at rest till the following morning. Cal- 
cined copper pyrites ('* magistral") is then added, to 
the extent of, about 28 lbs. to every ton of ore. This 
^ magistral" contains about 10 per cent, of sulphate of 
copper and iron; and as, in winter, the mixture acquires 
heat more readily than in summer, so, at the former 
season, less magistral is employed. The whole is again 
well trodden as before for about an hour, so as to in- 
sure perfect mixture. The mercury is next added in 
the proportion of from five to six times the presumed 
weight of the silver contained in the ore. It is effected 
in a shower, by pressing the metal through a sheet 
Incorporation is insured by again treading for five or 
six hours. After this last addition the amalgamator 
watches very closely the progress of the operation, 
and, by taking assays from the heap every morning, 
he judges of the state of the amalgamation by wash- 
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ing away the earthy particles from the assay, and ex- 
atniDing the appearance of the remaining portion of 
the amalgam. The mass is well trodden, and also 
turned over by hand every other day, until amalram 
is no longer formed, which generally happens in from 
26 to 80 days. The operation is then considered at 
an end. The heap is then carried away to the washing 
apparatus, where the amalgam is separated from earthy 
matters, &c. by washing ; a deep stone vat being em- 
ployed, through which a constant stream of water is 
flowing. A shaft working in this, and carrying some 
agitating arms, keeps the water in constant motion, 
and consequently, the lighter non- metallic particles , are 
kept afloat and washed off, while the amalgam sinks. 
The former flow into a second apparatus, whence after 
a second washing thev are thrown aside. The amal- 
gam is next squeezed so as to get away any superflu- 
ous mercury, and then shaped into masses of about SO 
lbs. weight each. A number of these are piled upon 
an iron plate, which has a hole in its centre ; over this 
an iron bell is dropped, and luted by its edge to the 
plate. A brick cylinder is next temporarily built a 
foot all round the hole; this is filled with burning 
charcoal, and kept supplied and heated for twenty-four 
hours, during which all the mercury distils off, and, 
passing down a pipe from the hole in the iron plate^ 
condenses in the water contained in a cistern placed 
below. The silver is left in a spongy state. The ra- 
tionale of the operation, although very complex, is in 
outline as follows: The ore is a compound of sulphide 
and chloride of silver ; by the addition of chloride of 
sodium and the copper ore, sulphate of soda and di- 
chloride of copper are produced. This latter decom- 
poses the silver ore, and a chloride of silver and sul- 
phide of copper are the result. The chloride of silver 
is dissolved in the excess of chloride of sodium, and 
on the addition of the mercury it is decomposed ; part 
of the mercury combines with its silver to form the 
amalgam, while another portion is lost in the operation 
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by beiDg converted into calomel, and this last change 
is the cause of enormous waste in the mercury used. 

The Saxon operation is a more iSnished one, and as 
labor is more expensive and water-power abundant 
machinery is there very profitably used. The ores 
worked are those which are found to contain less than 
seven per cent, of lead or copper ; if more was present, 
it would interfere much with the formation of the 
amalgam. These Saxon ores are sorted so as to 
average as near as may be about four ounces silver 
per one hundred pounds. 

As sulphur is necessary to set free chlorine from the 
chloride of sodium about to be added, a certain quantity 
of iron pyrites (a body rich in sulphur) is employea. 
The powdered ore is mixed with this, and also with 
common salt, and the whole heated in a reverberatory 
furnace, at first gently, with constant turning, so as to 
dry it well, the fire being gradually raised; when the 
first fumes have passed off from the roasting, the chlo- 
rination of the ore is- started by raising the heat to a 
bright red, which point is kept till no more gas is dis- 
engaged. 

The mixture is then removed, and when ground is 
ready for amalgamation. This operation is performed 
in stout casks of about two feet ten inches long by two 
feet eight inches diameter. A series of twenty of these 
are arranged in a machine where a shaft worked bv 
water power is connected by a toothed wheel with 
similar wheels placed on one end of each cask, by 
which means they can be made to revolve upon their 
axes. By an arrangement of hose, pipe, and funnels, 
the charge is introduced to each as follows: First, 
about thirty-five gallons of water, next half a ton of 
the ore mixture, and, lastly, eighty to one hundred 
pounds of iron, in pieces of one and one-half inch square 
by three-eighths thick. 

The caslM are then stoppered up, and by the machine 
being set in action, are revolved at about fifteen turns 
per minute for an hour and a half; during which time 

13* 
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the iron acts upon the chloride of silver dissolved in 
the alkaline chloride, and converts it into metallic 
silver. The motion is then stopped, and five hundred 
and fifty pounds of mercury put into each barrel, 
^y a tube from a reservoir. They are then put in 
motion again at twenty-two revolutions per minute, 
and rotation continued for nineteen hours, stopping 
occasionally to examine the state of the amalgam 
forming. The temperature gradually rises, and may 
be somewhat controlled by the rate of revolution, a 
temperature of 90^ being the most advantageous. 

At the end of this time the amalgamation will gene- 
rally be found completed. The barrels are then stopped, 
and nearly filled with water; next revolved slowly so 
as to collect the amalgam, and they are then turned 
so that the stopper of each is downwards over the dis- 
charging troughs which run throughout the machine, 
the stopper removed and the contents allowed to flow 
away, and mechanical separation is then effected 
between the actual amalgam, portions of uncombined 
mercury and the muddy residue. 
The amalgam is next submitted to distillation, in an 

apparatus similar to the 
FJg« 26. one here figured. It con- 

sists of a series of brick 
furnaces, two of which 
are here shown, the left 
hand one closed as in 
operation, the right 
shown in section; this 
will be seen to consist 
of the following parts: 
First, at the bottom an 
iron drawer containing 
an iron basin, upon this 
is placed a large iron bell, in which stands a strong 
tripod, also of iron, carrying five flat dishes; the casing 
round the upper part of the bell, forming a fire-chamber, 
has a door in front for feeding with fuel, as seen in the 
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closed furnace, and an iron cover to slide over the top 
opening. 

Now in operating, the dishes are first charged with 
aboat sixty pounds of amalgam in each, the basins are 
then filled with water, and the bells lowered down over 
the dishes ; next, the vacant space between the upper 
part of the bell and the furnace is filled with turf and 
charcoal, lighted, and the heat gradually got up to its 
maximum in about seven or eight hours; after which 
it is slowly lowered, great care being taken in this 
firing, for if the heat be too great, silver, being slightly 
volatile, will be carried away with the mercury; and 
if, on the other band, it be not high enough, some 
mercury will be left with the silver ; but as the mer- 
cury distilled off, as well as that filtered away at first, 
is employed over and over again, of course any 
retained silver is not lost. 

The amalgam contains on an average about 84 per 
cent, of mercury, with 11 per cent, silver, the remain- 
ing 5 per cent, being composed chiefly of copper, with 
traces of tin and lead. While the silver remaining 
after distillation contains about 75 per cent, pure sil- 
ver, with 25 per cent, copper and other metals. Lastly, 
the earthy residues of the amalgamating operations 
afford small quantities of amalgam, which by distilla- 
tion yields a yet coarser silver. 

The operations practised for the preparation of com- 
mercially "fine silver" are varied, dependent upon the 
quantity of coarse silver to be operated on. Thus, in 
the refinery, where very large quantities are worked, 
the operation of cupelling the silver (or frequently sil- 
ver lead) is much practised; or where the fine silver 
is to be obtained as a residue from what are called 
parting operations, as in the refining of gold, a pre- 
cipitation of the silver from an acid solution is efiected 
by means of copper ; but where, on the other hand, 
small quantities are operated upon, as in the laboratory, 
it is usual to form a chloride of the silver, and then 
to reduce the latter, such practice being found to afford 



162 



HETALS OF THS FIRST CLAS3. 



a certaia means of separating sorae associated metals, 
and hence to afford a finer product than can be obtained 
by the larger processes of the refinery. 

The process for ih6 capellation of silver on the large 
scale is performed in a reverberatory farnace, but con- 
structed with especial regard to the natmre of this 
operation. For this purpose a fire-place, A, of about 
2 feet square, is built, at the back of which an 18-inch 
bridge, B, is formed, then on the bed beyond this the 
cupel, G, is placed. This last is a large dish-shaped 

Fig. 26. 




vessel formed of some porous material, by which tex- 
ture it allows of the absorption of portions of the fluid 
oxide of lead, formed during the operation. It is 
constructed thus : A large and strong oval ring is first 
formed of iron, 4 inches deep by about J an inch thick ; 
this is to form the mould for the cupel, and may range 
in size from 2 feet long by 1 foot 6 inches broad, up 
to 4 feet by 8. It should be provided with a number 
of cross-bars at the bottom, to give it strength and 
maintain its shape. The cupel, or test, is next formed 
in it, by mixing rather coarse bone-ash with a small 
portion of wood-ashes. This mixture should be wetted 
with water containing a small quantity of pearlash ; 
it is next packed firmly in the case, and beaten down 
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with woodeo rammers, a centre cavity being formed 
partly by beating, and partly by shaping with a trowel, 
so that the material is not above 1 inch thick in the 
centre ; a broad rim is formed all around the edge, of 
8 inches in width, increased, however, in the front or 
breast, as i| is called, to 5 inches; and here a hole, D, 
is cat, throagh which the fluid litharge may flow off 
and escape. 

The cupels so prepared are allowed to stand many 
weeks in the warm atmosphere of the furnace-room to 
dry gradually ; when required for use, one is placed in 
the furnace,and built up to a proper height for the action 
of the flame upon the metal to be worked in it ; a slow 
fire is then lighted and gradually raised, lest the too 
sudden heating should crack it. 

Now the rationale of the operation to be performed 
in this apparatus is the conversion into oxides of all 
oxidizable metals associated with the noble metal silver, 
under the influence of a current of air passed over the 
surface of a bath of melted metal; hence the reason for 
the shallow-make of the cupel itself. For this is the 
property which characterizes the noble metals; viz., 
that, when heated to fusion, and exposed to a current 
of air, no oxidation of them takes place; while, on the 
other hand, any alloy of base metals will be thus per- 
fectly oxidized, and may consequently by proper 
management be thus effectually separated. 

Befined silver, by cupellation, is then usually ob- 
tained from rich argentiferous lead, some lead being 
so called from its containing silver in very large pro- 
portion (no lead being absolutely free from silver), and 
the operation is thus carried on : At the side of the 
cupelling furnace, and over a separate fire, is set a 
cast-iron pot, E (Fig. 26); into this some of the 
silver lead is put and fused; the cupel having been 
already sufficiently heated, a quantity of the fused 
metal is ladled into it by an opening in the side of the 
reverberatory ; over this is a hood connected by a flue, 
G, with the chimney, in order to carry off noxious 
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fumes ; the heat of the cupel is then raised, and after 
the first drossing of the surface, the oxide fuses, and 
the surface of the bath becomes clear, or, as it is said, 
uncovered. A large pair of bellows or a blowing 
apparatus is then set to work, its blast being conducted 
upon the cupel. at a point, F, just on the opposite side 
to the breast-hole already spoken of. This blast keeps 
up the oxidation of the lead, as by circulation fresh 
and fresh portions rise to the surface; while at the 
same time it serves to blow off the litharge by the 
breast-hole, whence it is collected for subsequent re- 
duction again to the metallic state. Lead is from time 
to time added as the quantity working diminishes, until, 
in one of the larger class of cupels, some four or five 
tons of rich lead have been introduced. The under 
part of the cupel is then bored, and the rich metal 
allowed to run out, the hole so made being again 
stopped with fresh ash, when a new charge is to be 
introduced. Ultimately, when several of these opera- 
tions have been performed, and thus a number of cakes 
collected, thev are all add^ together, and a final cupel- 
lation carried on, the first operations being for the 
concentration of the silver in the lead, and hence this 
is drawn off as described ; the final cupellation of the 
cakes being for the purp>ose of entirely getting rid of 
the lead by oxidation, and thus leaving a cake of pure 
silver only. The phenomena and general appearances 
occurring during the operation being much the same 
in the miniature cupellation for assaying purposes, it 
will be again alluded to and further described. 

For numerous examinations of the quality of the 
fine silver so obtained, the author finds that the aver- 
age fineness is about 998 parts in the thousand ; and 
frequently, where the operation has been carried on 
with more than ordinary care, the quality will reach 
999.5 parts in the thousand, and rising at times to 
nearly fine silver. 

The second operation upon the rich lead lasts about 
twenty hours, and requires much attention as to blast 
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and general management of the cupellation. It ia 
always made thus a separate, operation, in order to 
avoid loss of silver; for as the metal enriches, the 
portions of litharge last separated are correspondingly 
rich in silver; consequently, siich portions found in 
this second operation are reserved for the separation 
of this retained silver. 

Cupellation is the final operation by which all the 
silver obtained i;i Great Britain from lead or its ores 
is ultimately separated ; and if such lead be rich, may 
at once be resorted to : but if, on the other hand, the 
lead be poor, then some concentrating process is first 
employed, such, for example, as the one known as 
Pattinson's process, which will be detailed in the section 
upon Lead. 

Properties of Silver. — Its color is a perfectly pure 
white, and with much lustre, which is exhibited also 
when the metal is in fusion. When finely divided it 
has the appearance of a metallic, sandy powder, of a 
grayish color, and such powder may be partially 
welded by cold hammering. Silver is often crystalline, 
made crystals of cubes and dendritic forms being fre- 
quent. It is a very ductile and malleable metal : one 
grain may be drawn into 400 ft. of wire, and it may 
also be hammered into leaf as thin as 0.00001 of an 
inch. 

Silver fuses at 1873^, and during fusion absorbs 
oxygen; at the moment of solidification it expands 
considerably, and at the same time parts with the 
mechanically mixed oxygen. This latter taking place 
after an external crust has formed over the liquid 
metal, will often burst the crust, and throw out jets of 
the yet fluid metal, producing the phenomenon of 
spitting, or vegetation, as it is called. This may be 
prevented by sprinkling charcoal-p)Owder on the 
melted metal, which will then quietly withdraw the 
gas ; and it is said that 1 to 2 per cent, of copper with 
the silver will idso prevent it. If silver be exposed 



156 METALS OF THE FIRST CLASS. 

to a very high temperature while in the state of fasion, 
it volatilizes very considerably. 

Silver is not acted upon by oxygen, hence the tarnish 
of silver does not depend upon oxidization ; it is the 
result of its strong afSnity for sulphur; thus the 
smallest quantity of sulphuretted hydrogen in the air 
will immediately be detected by silver. This black- 
ened surface may be readily cleansed by plunging the 
silver into a solution of manganate of potassa, also by 
washing with a solution of cyanide of potassium. 
Hydrochloric acid scarcely acts upon silver ; and sul- 
phuric only by boiling the metal in it, when a portion 
will be decomposed for the oxidation of the silver, and 
consequently sulphurous acid is evolved. But nitric 
acid, especially if slightly diluted, oxidizes it very 
rapidly, and dissolves it, forming nitrate of silver. 

The specific gravity of silver ranges from 10.48 to 
10.68; according to its state; viz., whether simply fused 
or hammered, the latter operation of course condensing 
it. Its equivalent number is 108, and its svmbol Ag. 

Compounds of Silver. Oxides. — A suboxide was first 
obtained by Mr. Faraday, who formed an ammoniacal 
solution of the protoxide, and exposed this to the air; 
thus a black film appears upon the surface, which by 
examination was found to be composed of two equiva- 
lents of silver, united with one of oxygen. Wohler 
obtains it by passing a current of hydrogen gas over 
the nitrate of silver, previously heated to 212°. The 
compound formed is dissolved in water (in which, 
however, it is not readily soluble), and to this solution 
potash is added, which throws down the suboxide. 
But it is by either method a very unstable compound. 

The protoxide is the more important one, as forming 
the base of ordinary silver salts. This is obtained as 
a grayish brown powder, on adding caustic potass, or 
baryta water, to a solution of nitrate of stiver. This 
powder is removed, washed, and dried. Gregory forms 
it by boiling freshly precipitated, and still moist chlo- 
ride of silver in caustic potass. Oxide of silver will 
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not be precipitated by ammonia, and if we digest the 
oxide precipitated by potass in ammonia, we get a 
very explosive compound formed, called fulminating 
silver. 

Oxide of silver is slightly soluble in cold water, 
giving an alkaline solution, and it is readily soluble 
in acids forming silver salts. It is decomposed by ex- 
posure to beat somewhat below redness, and it is said 
also that solar light will decompose it. Its composition 
is AgO. Equivalent, 116. 

Peroxide of silver has been obtained by Bitter, by 
electrolyzing a solution of nitrate of silver. It was 
thus deposited in black acicular crystals at the positive 
pole. 

Chlorides. — A subchloride is said to be formed by 
exposing ordinary chloride of silver to light or by ex- 
posing silver-leaf to the action of perchloride of iron ; 
thus a black chloride is formed, but its nature is not 
well ascertained. 

The ordinary chloride of silver, found native as horn 
silver, is prepared by adding hydrochloric acid, or a 
chloride to any soluble salt of silver. In this way we 
get a curdy precipitate formed, which is perfectly inso- 
luble in water, nitric acid, or dilute acias. It is dis- 
solved by strong hot hydrochloric acid, also by diges- 
tion in alkaline chlorides, or ammonia. From the 
latter it is readily reprecipitated by even compara- 
tively weak acid, as acetic ; while from its hydrochloric 
acid solution the addition of water suffices to throw it 
down. If a solution of chloride of silver in ammonia 
be boiled, fulminating silver will be formed. Chloride 
of silver is readily fusible, forming a reddish liquid, 
which is somewhat volatile; on cooling it becomes 
a horny mass. If fused with potassa, soda, or their 
carbonates, it is decomposed into silver, and chloride 
of the alkali, oxygen gas, and water being evolved. It 
fuses somewhat under 500°. 

If heated on charcoal before the blowpipe, it yields 
silver, and emits an odor of hydrochloric acid. On 
14 
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adding a little snlphuric or hydrochloric acid to rooist 
chloride of silver, and thea immersinff a portion of any 
easily oxidized metal in it, the chloriae will be reduced, 
the reducing metal being at the same time dissolved. 
Composition, AgCl. Equivalent, 143.5, 

Iodide of silver, and also bromide, are found native, 
but both may be formed artificially, for the first iodide, 
and for the second bromide of potassium is added to a 
soluble salt of silver. Both are of a yellow color, the 
iodide being insoluble in ammonia. One or other of 
these salts forms the basis of most pHotographic ope- 
rations. 

Sulphide of silver is the common ore. It may be 
formed by heating plates of silver with sulphur. In 
the moist way it is precipitated by adding hydrosul- 
phuric acid or sulphide of ammonium to a solution 
of a silver salt. It falls in dark-brown flakes, which 
become black upon drying. Upon heating it in the 
air; it is resolved into sulphurous acid and silver. 
Fused with iron it yields sulphide of iron and silver, 
or with lead, sulphide of lead and an alloy of lead and 
silver. If fused alone, it yields a dark-gray crystalline 
mass on cooling. Composition, AgS. Equivalent, 124. 

The more important salts of silver are the nitrate, 
sulphate, and carbonate. The nitrate forms the lunar 
caustic of the surgeon, and is obtained by dissolving 
silver in nitric acid. If heat be used, the solution is 
somewhat rapid, and attended with copious evolution 
of nitrous gas ; upon cooling, the salt will be deposited 
in large tabular crystals belonging to the right pris- 
matic system. These are to be again dissolved in dis- 
tilled water, and recrystallized. Copper, if contained 
in the silver, will impart a slight green tint to the so- 
lution in acid, and any gold will remain undissolved 
in the form of a brown powder. If we have to prepare 
it from impure silver, the best method of proceeding 
is to dissolve the metal in nitric acid diluted with not 
less than three times its bulk of water. The solution 
is next to be poured off undissolyed gold, which is 
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almost sare to be present in greater or less amount. 
Hydrochloric acid is next added in excess so as to 
precipitate all the silver as chloride; this is to be 
separated and well washed, and then boiled with 
potash lye; by this means it is converted into oxide 
of silver, which, when washed, may at once be dissolved 
in nitric acid, and crystallized. 

In commerce, this salt is often fraadalently adulte- 
rated with nitrates of lead, potassa, or even of soda. 

Nitrate of silver is soluble in an equal weight of 
cold, and in about half its weight of boiling water. 
The crystals fuse readily, and solidify into a white 
fibrous mass; thus, it is commonly cast into small 
sticks. It does not blacken by light unless organic 
matter be present; so in marking inks, of which* it 
forms the basis, the blackening of the writing is as- 
sisted by this action of the organic matter of the linen. 

If fused in iron vessels it is decomposed, even if no 
water is present; and copper will reduce silver from 
the dry salt at ordinary temperatures, by exposing 
the two to air. From its solution the silver is readily 
reduced either by copper or mercury. In manufac- 
turing this salt, as it is now carried on largely, 108 
parts, or 1 equivalent of silver furnish about 170 parts 
of nitrate. Its composition is AgO,N03. Equivalent, 
170. 

Sulphate of silver may be formed by boiling pre- 
cipitated silver, or silver filings, in sulphuric acid, or 
by adding sulphate of soda to a solution of nitrate of 
silver. The salt crystallizes in small, white, shining 
crystals, which belong to the right prismatic sys- 
tem. They are rather insoluble, requiring 87 parts 
of water for solution. This salt is often found as an 
insoluble residue on dissolving the nitrate where the 
latter has been prepared with an impure nitric acid, 
that is, with acid containing traces of sulphuric. (Com- 
position, AgjOjSOy Equivalent, 156. 

Carlxmaie of silver is thrown down as a white pow- 
der on adding carbonate of potassa to nitrate of silver 
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Bolation ; it blackens by ligbt, and is readily decom- 
posed by heating. 

Amalgams. — Mercury and silver when brought 
together unite readily, but complete anion of mixtures 
of the two, if attempted cold, only takes place after 
some weeks of contact, and the mercury must be largely 
in excess. Therefore the best method of forming them 
consists in gently heating the mercury, and then adding 
silver in a pulverulent form, or as filings. If in this 
way 8 parts of mercury be mixed with one of silver, 
we get a crystalline soft amalgam, which crackles be- 
tween the fingers; the structure of the crystal is pris 
matic, and it is very white. Indeed, an amalgam, 
which is at first smooth and pasty, will, by keeping, 
become crackling and crystalline. This is, in £3ict, 
very nearly the composition of the amalgam formed 
in the Saxon amalgamating work, Kersten's analysis 
of which shows an average of 64 parts of mercury to 
11 piirts of silver. Heated to redness, these amalgams 
give off the mercury, but it is said that silver may 
retain mercury even after such heating. Native 
amalgams have been foi^nd, wherein. the mercury and 
silver are united in equivalent proportions. Three 
such have been described of the following proportions: 
1st. One equivalent of mercury to six of silver. 2d. 
Two equivalents of mercury to one of silver. 8d. 
Three equivalents of mercury to one of silver. 

The description of the preparation of pure silver 
has been purposely deferred until now, in order that 
the above silver compounds should be described pre- 
viously. To prepare it coarse silver is dissolved in 
nitric acid somewhat dilute; when all is dissolved but 
associated gold, a further quantity of hot water is 
added, and the whole allowed to stand until the gold 
has completely subsided ; the nitrate of silver is then 
to be poured off carefully, and an excess of common 
salt added so as to precipitate all the silver as chloride. 
After subsidence, the acid liquid is decanted, and the 
chloride well washed with repeated quantities of hot 
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distilled water, until the latter is free from acid. The 
chloride is then acidulated with hydrochloric acid, 
added in the proportion of about one pint to each ten 
pounds of chloriae. Into this mud a number of plates 
of clean wrought iron are put A copious evolution 
of hydrogen is at once set up at the surface of the 
iron, and the solution of the latter commencing the 
chloride of silver adjacent to the slips is reduced, and 
this reduction will spread from each slip of iron 
throughout the whole, which will thus become a 
spongy mass of silver. The silver should not be dis- 
turbed till all is reduced, or portions of chloride are 
apt to escape reduction. When all traces of chloride 
are gone, the iron is carefully removed, the chloride of 
iron solution poured oif, and the whole mass covered 
with a quantity of hot water, to which about one tenth 
its bulk of pure hydrochloric acid is added. After 
standing a few minutes, this is poured oif and renewed; 
and after the decanting of the second portion pure 
hot water is added ; and, lastly, the whole is washed 
as quickly as possible with repeated quantities of hot 
water, until the washings will not render a dilute 
solution of ferrocyanide of potassium in the smallest 
degree blue. The silver is then squeezed by the hands, 
and dried in a porcelain basin. If this process be 
parefully carried out, it will give a product as fine as 
999.7 parts in 1000, that is to say, containing only 
TvSvir of admixture, which latter is probably due 
to peroxide of iron. 

A sheet of copper placed in a solution of nitrate of 
silver will also precipitate it in a crystalline form, and 
tolerably pure; the product should be cleansed by 
digestion in liquid ammonia, previous to melting it, 
but this operation will not give nearly so fine a pro- 
duct as the one just detailed. 

But perfectly pure silver can be prepared only in 
comparatively small quantities, and by fusion of pure 
chloride with reducing agents. Thus the chloride may 
be mixed with one to two parts of dry carbonate of 

14* 
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soda. This was the old method, but there is during 
decomposition a copious evolution of carbonic acid, 
which, by swelling the mass in the crucible, is very 
apt to occasion loss; and again, the fused chloride and 
alkaline carbonate are sure to be absorbed by the sub- 
stance of the crucible. Hence, the use of chalk, an 
infusible carbonate of lime, was advised by Guy Luaaac. 
Dr. Miller thus employs a mixture of 100 parts of 
chloride of silver, 70.4 of carbonate of lime, and 4.2 of 
charcoal; this is heated to dull redness, and kept so for 
half an hour, after which he raises it to a full red; 
carbonic acid and carbonic oxide are evolved, the car- 
bonate of lime is converted into oxychloride of calcium, 
and below this slag is found a mass of pure silver. 

Gmelin gives a very good dry reducing process, 
wherein he advises resin as the reducing agent. A 
mixture is made in the proportion of three parts of dry 
chloride of silver to one of powdered resin. This is 
packed in a crucible so as to half fill it. A gentle heat 
is first applied ; by this tbe resin inflames, burning with 
a green flame; the heat is then raised to the melting 
point of the silver, the pot opened and a little borax 
added ; on removing the pot, it should be gently tapped 
on the bottom, so as to accelerate the union of the 
silver into a mass, which will take place under a layer 
of charcoal, which latter will be quite free from silver. 

The silver obtained by either of the above operations 
only requires further to be melted, in order to get rid of 
some adherent impurities, and obtain it in convenient 
form. The former object is effected by simple fusion 
with appropriate fluxes, and a slight digression may 
here be made to describe their action and nature gene- 
rally. The term flux is derived from "^«o," I flow, 
and is applied to a class of bodies used in metallurgic 
operations, either to assist or induce the fusion of a 
metal, or else when melted to cause the globules to run 
together from their diffusion throughout a heteroge- 
neous mass of foreign matters by the cleansing effect of 
the flux on their surface; and they may also effect this 
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ktter purpose Id a seoondary way, by taking tip mat- 
ters with which the metal was combined, whereby its 
isolation is brought about. 

Again, a class of offices may be performed by them 
more in the way of reagents than truly as flaxes. For 
example, they may decompose a body into which a 
metallic oxide enters, and so setting free the oxide 
bring the latter within the reducing agency of charcoal. 
Thus some metallic silicates may be reduced readily. 

The following may be enumerated as the fluxes of 
most common application, and their uses may be thus 
defined : — 

Ist. Borax. This is of almost universal application. 
The salt is best fused so as to drive off its water of 
crystallization, and the glassy mass obtained is to be 
powdered. It forms fusible compounds with silica and 
bases. At high temperatures it combines with metallic 
oxides, while at lower it will take up foreign matters 
generally, so as to set the metal free to form a button. 

2d. Carbonate of soda. This is to be preferred to 
carbonate of potassa, from the former not being deli- 
quescent. This should be fused. It decomposes 
silicates, and easier when charcoal is present. It forms 
fusible compounds with metallic oxides, decomposes ' 
some chlorides, as chloride of silver, for example. 

8d. Nitrate of potassa, when used as a flax, and 
heated, loses oxygen and becomes nitrite. Its action 
is energetic from the quantity of oxygen it contains, 
and this action is increased where silica is present. 
Thus it is used to purify noble metals as an oxidator. 

4th. Chloride of sodium, powdered and heated (to 
prevent its decrepitation), is often added to a body 
which induces much ebullition, so as to check the latter 
and protect the substance operated on from the action 
of the air. 

5th. Black flux is an intimate mixture of carbonate 
of potass and charcoal, formed by burning 8 parts of 
argol (crude bitartrate of potass), and 1 of nitrate 
together. It forms a good reducing agent, and assists 
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in the fusion of substances. The uses of argol are the 
same as that of black flux. 

6th. Silica, lime, and alumina, are employed; the 
former in order to withdraw certain bases by forming 
fusible silicates with them ; the two latter to assist in 
the fusion of those silicates which by themselves would 
not be easy of fusion. Indeed, the two latter bodies 
are generally applicable, as all simple silicates are very 
difficult of fusion. 

7th. Oxides of lead, copper, and iron. Of these the 
former is the chief. It is much used in operations upon 
silver ores, where we desire to form an alloy of the 
silver contained in the ore, with lead derived from this 
added oxide. Hence we employ litharge, and where 
the ore does not contain enough sulphur, or other re- 
ducing matter, to set sufficient lead free, we add some 
reducing agent, as argol, to effect this. Then, on the 
other hand, as it is advisable not to have too large a 
mass of silver lead to cupel subsequently, we are at 
times obliged to add to such a mixture of ore and 
litharge a certain quantity of nitre, which latter coun- 
teracts to sufficient extent the reduci&g agency of the 
ore itself, by reoxidizing some of the lead reduced 
during the operation. The use of the two latter oxides 
is very limited. Mr. Warrington has proposed to 
apply that of copper to gold containing metals which 
render the latter brittle, the oxide of copper is reduced 
and affords oxygen to the metal to be separated, while 
the reduced copper alloys the gold to a corresponding 
extent. 

Oxide of iron is used as a flux for silica, but its 
application is very limited. 

To these chemical fluxes we may add one much 
employed as a mechanical one, namely, bone-ash. This, 
by its absorbent quality, is very useful to suck up other 
fluxes from the surface of a fused mass of metal, and 
for this purpose it is customary to cover the metal 
with it, and skim it off just before casting the ingot. 

Having stated thus much with regard to fluxes, the 
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use of sQch as are applicable to the melting of a quantity 
of silver obtained by the wet method of reduction just 
described, may be now examined. 

As the imparity likely to lower the standard of this 
silver would be derived from the chloride of iron, the 
flux to be first employed would be nitrate of potass, 
which, by its oxidizing effect, would oxidize the last 
traces of iron. Therefore about 5 per cent, of nitre is 
employed. Secondly, some borax is added, which will, 
at the high temperature used, dissolve the oxide of 
iron. And, lastly, a covering of bone-ash, used just 
before pouring, will absorb the fused borax, and with 
it the oxide of iron, leaving the silver clean. 

In all melting operations the heat should be of such 
amount as to render the metal thoroughly fluid, and 
allow of good circulation in the fused mass ; and, if 
this be true of pure metals, it is especially so where 
any alloy is to be diffused uniformly through the bulk 
melted. 

The tests for the presence of silver are the follow- 
ing :— I 

1st. If to a solution supposed to contain silver only, 
we add hydrosulphuric acid, or some sulphide of 
ammonium, we get a black precipitate of sulphide, 
insoluble in dilute acids, alkalies, or cyanide of potas- 
sium ; but boiling sulphuric acid will dissolve it, and 
at the same time separate its sulphur. 

2d. Potash or ammonia precipitates a brown oxide, 
insoluble in potassa, but soluble in ammonia; and this 
solution, on exposure to air, will deposit fulminating 
silver. 

Ammonia salts prevent this reaction. 

3d. Hydrochloric acid, or chlorides, precipitate white 
chloride of silver ; even when 1 part of silver is dis- 
solved in 200,000 times its weight of water, we get 
opalescence. Light changes this precipitate to a violet 
black, and it is an undetermined question whether the 
decomposition so effected by light is due to the forma- 
tion of a subchloridci or to the separation of silver in 
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a finely-divided state. A trace of sobcbloride of 
mercary in this precipitate will prevent the discolora- 
tion. 

The precipitate is soluble in ammonia, from which 
solution it is reprecipitated by acids. It is insoluble 
in nitric acid. By heat it fuses to a homy mass. 

4th. Silver compounds, when heated on charcoal 
before the blowpipe, and in the inner flame, give a 
clean and bright bead of metallic silver. 

The estimation quantitatively of silver is effected in 
two ways. First, by the usual wet operations of the 
laboratory, and, secondly, by peculiar operations, 
termed assaying operations. 

The chemical estimation of silver is always effected 
by precipitating the metal as chloride, and subsequently 
separating and weighing the latter. The solution con- 
taining the silver is first acidified by nitric acid, then a 
slight excess of hydrochloric acid, or chloride of sodium 
added, after which the whole is boiled, to prevent any 
chloride of silver passing through the filter. It is next 
filtered in a previously dried and weighed filter, and 
washed ; the filter then dried again, with its contents, 
in a water-bath, until it ceases to lose weight, and, 
lastly, weighed carefully, the weight minus that of the 
filter will now be that of the chloride. This may be 
done without ignition, for there are two sources of error 
arising from ignition; first, some silver will very likely 
be reduced from the chloride by the carbonaceous 
matter of the filter; and, secondly, chloride of silver 
is itself volatile to some extent. Therefore the error 
is, perhaps, least in weighing the filter carefully before 
and after the filtration, having previously dried it per- 
fectly each time, and used a filter as small as practi- 
cable, as above detailed. If, on the other hand, the 
chloride be fused, it is best to remove as much as pos- 
sible to a porcelain crucible, and then burn the filter, 
subsequently igniting the whole, until incipient fusion, 
and weighing. 

If the quantity of chloride operated upon be large, 
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It may be washed by decantatioiiy the precipitation 
being effected in a flask or stc^pered botUe ; the fluid 
being heated in it to about 160^, the precipitant is 
added, and the whole vigorously shaken, so as to con- 
dense the chloride ; the clear fluid is then poured otE, 
and washing effected by repeated quantities of distilled 
water, at first containing a little nitric acid, and at last 
with pure water. In effecting this, the chloride, after 
first settling, is to be transferred to a small cruciblci 
and in the latter the washing above mentioned is per- 
formed ; the vessel being gently heated before each 
decantation. When thoroughly washed, the chloride 
is to be dried very carefully, and subsequently heated, 
until the little cake just adheres together ; and in this 
way it may be even handled with a pair of tongs, and 
weighed, the great thing in effecting this condensation 
being a few careful taps upon the bottom of the crucible 
at the removal of the last portions of washing water. 

In analyzing amalgams, of silver and mercury, or 
separating them, the silver not being volatile, it suffices 
to heat to redness in a porcelain crucible ; the mercury 
is then driven off, and estimated by the loss of weight 
found. But a more accurate method consists in 
making a solution of the metals, and then boiling it 
freely with a little nitric acid, so as to insure the per-^ 
oxidation of the mercury. Next add hydrochloric 
acid, until all the silver is thrown down; this, then 
separated, washed, and weighed, with the precautions 
already detailed, gives the amount of silver. If the 
mercury had not previously been completely oxidized, 
some of it remaining, a suboxide would go down as 
calomel with the chloride of silver. Next to the liquid 
filtered from the chloride of silver, hydrosulphuric acid 
is added; this will precipitate the mercury as sulphide.. 
Separate this, and mix it in a flask, with about an 
ounce of pure, slightly dilute hydrochloric acid. Now, 
on passing a stream of chlorine gas into this, bichloride 
of mercury will be formed. This is separated from 
precipitated sulphur, boiled to expel the excess of 
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chlorine, and then the mercury precipitated for weigh- 
ing, by the addition of chloride of tin. 

As for commercial purposes the above analytical 
operations would be tedious, especially where many 
estimations of silver were requirea, a class of operations 
come into use, known as assaying. In these the pre- 
cious metal alone is separated, other constituents of the 
ore or alloy being disregarded. The details and prac- 
tice of the operation differ widely according as to 
whether it is performed upon an ore or upon an alloy ; 
but, in both cases, the concluding steps of the operation 
are the sannie, and resolve themselves into a cupellation 
of the metal for a final separation of the silver con- 
tained in the ore or alloy. Hence, in regard to ores, 
the first operation consists in forming an alloy of the 
silver with lead, this lead being furnished by a body 
used in the way of a fiux, viz^ by litharge. 

Now, as it is best to have no more metal for the 
subsequent cupel operation than is absolutely necessary, 
the fiuzing with litharge is an operation requiring 
much care, as the ore itself is apt to vary very much 
in its effect upon the litharge, and so render different 
and opposite modes of treatment necessary. For ex- 
ample, most ores contain sulphur, or other bodies, 
which have a strong affinity for oxygen ; hence such 
would very readily reduce the litharge. Therefore, 
in order to prevent this taking place to too great an 
extent, it is found necessary to add also an oxidizing 
fiux, as nitre, to counteract in sufficient degree the 
power of the ore. Then, on the other hand, the ore 
may naturally be of an oxidizing character; in which 
case not only will no oxidizing flux be required, but, 
on the contrarv, a reducing one, as argol, must be used; 
while, lastly, the ore may chance to possess just the re- 
ducing power requisite to act suf&ciently upon the 
litharge, and no more; in which case the litharge alone 
is employed. 

From all this it will be seen that the first step re- 
quired in the assay of a silver ore is one whereby we 
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may learn its nature in the above respect. For tbis 
purpose Mitcbel advises a preliminary assay upon 
about 20 grains of ore, which is to be powdered, and 
mixed intimately with 500 of litharge. This mixture 
IS put into a small crucible, capable of containing about 
double the bulk; the crucible is heated very gently at 
first, but, after a time, the heat is to be quickly raised 
to a full red, so as to complete the operation as 
speedily as possible. When cool, the pot is broken, 
and the bottom removed and weighed. It may be 
that but little lead has been reduced, perhaps not more 
than half the weight of the ore used. In such a case 
an actual assay would be made of the following mixture : 
200 grains of ore, 200 of carbonate of soda, 1000 of 
litharge, and 15 grains of argol, for the purpose of 
assisting the reduction of the lead. Secondly, if the 
trial button should weigh about double the weight of 
ore employed, then the same mixture would be used, 
except as regards the argol, which must be omitted, 
and about 50 grains of nitre used in its place. Thirdly, 
If the trial button weighed about the same as the ore, 
then litharge also would be employed, without either 
reducing or oxidizing Bnx. 

The mixture being intimately made, as above, is to 
be put into a proper-sized crucible ; and it may be here 
observed, that, in all cases where nitre is employed, 
either in assaying or melting operations, a very capa- 
cious crucible should be taken, as considerable action 
is always set up. The mixture is next covered with 
a layer of salt, and, lastly, with about 200 grains of 
powdered borax. The crucible is put into the furnace, 
and the gentle heat at first used, raised until the fluxes 
are well liquid ; at which point the assay will generally 
be found completed. The pot is then removed and, 
when cool, broken, the button hammered so as to 
separate all the flux, and reserved for subsequent 
cupellation. 

There is another operation, applicable in all cases, and 
15 
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especially in such as the estimation of preoioas metal, 
either gold or silver, in the sweep of the workshop, 
where portions of solder containing tin, as also con- 
siderable quantities of foreign 
Fig. 27. matters, are associated with the 

metals to be estimated. It con- 
sists in heating the specimen 
under examination with a quan- 
tity of granulated lead in a shal- 
low day yeesel, or scorifier, as 
here figured; this is so placed 
in a mu£Be (E, Fig. SO) as that a current of atmos- 
pheric air may pass over the surface of the vessel and 
oxidize portions of the lead. This oxide of lead 
then forms a menstruum for the suspension of foreign 
matters, becoming, with them, a fusible slag ; while the 
portion kept unoxidized will retain the gold or silver 
sought for in the sample. 

The operation is carried on as follows : A quantity 
of about 50 grains of the sample is weighed and 
powdered ; this will be about the quantity workable 
in one scorifier, but it is advisable to work this, as all 
assays, double : hence two scorifiers are prepared. A 
quantity oif granulated lead is next taken, and the 
amount required may range from twelve to thirty 
times the weight of the ore or sweep. The quantity 
required will be large if much tin or zinc be present, 
or if (as in the case of an ore) it contain a large pro- 
portion of lime^salts. Half this amount of lead is first 
put into each scorifier, and upon it the 60 grains of 
the specimen previously mixed with 50 of borax. The 
whole is then mixed and covered with the remaining 
half of lead. The scorifiers are then placed in a heated 
mu£Be, and the opening closed up for a quarter of an 
hour, so as to fuse the lead. The heat is then allowed 
to fall, the door of the mufSe opened as in carrying on 
a cupellation, and the roasting of the mass commenced. 
A slag will form first at the edges of the bath, and 
increase over the surface ; but as the lead oxidizes it 
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becomes quite fluid. The whole should be now oo- 
oasioDally stirred, so as to keep Hi parts mixed. The 
heat is then raised, whereby the whole is rendered 
liquid. This may be judged of by the facility with 
which it runs off an iron stirrer dipped into the bath. 
Thus, under the influence of the borax, the metallic 
particles run well together, which flux also assists in 
the formation of a liquid slag from the first. The 
assay being in this limpid state at the end of the ope- 
ration (which will be completed at the end of half an 
hour to three-quarters), the scorifier is removed, and 
its contents poured quickly into a basin-shaped ingot 
mould. Thus a button is obtained, consisting of a 
greenish slag at the top, covering a button of metal ; 
Uiese are to be separated by a blow of the hammer, and 
the latter again reserved for cupellation, and parting 
for gold. 

If the operation has been well performed, this button 
will be tolerably malleable, and the slag quite free 
from any beads of metal. If these be not so, the assay 
is not trustworthy. The working may be divided into 
three stages, namely, of about a quarter of an hour for 
the first fusion; next, twenty minutes for the roasting 
and oxidation; and lastly, ten minutes for the final 
fusion of the whole. 

The operation of cupellation, or, as it is often called, 
the dry method of assaying, is applicable to all alloys 
of silver, as coins, &c. It is a process of great antiquity 
and beauty, and takes its name from the little vessel, 
or cupel, wherein it is performed. It is based upon 
the property which characterizes the precious metals, 
Tiz., that when heated to fusion, and exposed to a cur- 
rent of air, not the least oxidation takes place, while 
such treatment of base metals constituting alloy, under 
certain conditions, perfectly oxidizes them. So that, 
by this means alone, we are able to get rid of the alloy 
associated with a precious metal. 

These cupels are small blocks of bone-ash, with a 
concavity, or cup, formed upon the upper surface. For 
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their maDufacture, bones, which consist of a tnixtnre 
of animal and earthj matter, are barned. 
Fig. 28. Id this way the former is decomposed 
and separated; the latter consisting 
chiefly of phosphate of lime, mixed with 
a small portion of carbonate of lime, re- 
mains. This is well washed and dried. 
The cupels are made by moistening a quantity of 
this ash with water just to dampness. Into a steel 
mould, haying a taper hole turned in it of the 
Fig^. external diameter of the cupel (see third and 
lower portion of figure), a quantity of this 
moist ash is pressed. A collar of gun-metal 
is then placed round the mould, in which a 
former, also made of steel, and having a well- 
polished convex end, is put This latter is 
then struck two or three blows with a hammer 
of some five pounds weight The mould is 
then separated again, and the cupel knocked 
out by a gentle tap on its under side.* A 
well-made cupel should be made perfectly 
UK smooth in the basin ; for it, the ash employ^ 
should not be too fine, or the absorption is 
not good, and the assays are apt to stick very tightly 
to it; while it should not, on the other hand, be too 
coarse, or there will be loss of the metal. Then the 
cupel, when well dried, should not crack on heating, 
especially in the basin. 

In these cupels the silver is fused with a quantity of 
lead, and in a furnace of a construction which admits 
of free circulation of air over the heated cupels, with 
(at the same time) the most complete arrangements 
for regulating these oxidizing currents, as to quantity, 
intensity, and direction. Such a furnace is called a 
cupel or muffle furnace, from the chamber in which 
the former are placed in working. 

* Thej are, at times, made bj a screw press, but a good hand- 
made oupel is to be preferred, especiallj for silver. 
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It 13 best formed in stout wroagbt iron, lined with 
fire-brick. It is oblong, with the long diameter from 
back to front, and may be built internally as large as 
about thirteen inches wide, by one foot five from back 
to front and two feet 
seven high. At the 
lower part is formed an 
ash pit. A, which with 
its brick bottom occupies 
nine inches of the height. 
Next an inch is taken 
up by the firebars, B, 
which are of that depth, 
and formed with shoul- 
ders which rest on bear- 
ing bars placed back and 
front; these shoulders 
are fiatted out, so as to 
keep the bars one-half 
inch apart at their top 
sides for air spaces. 
Upon these bars, and 
standing on inch legs, is 
placed a plate of iron, C, 
one-half inch thick and thirteen inches long by eight 
wide; next upon this is a bed of fire-clay, of one-half 
inch in thickness, and by the latter the muffle itself is 
fixed to the iron muffle-plate, so as to form acompact 
mass. The fioor of a full-sized muffle, E, is just of the 
dimensions of the plate above described, and it is seven 
inches high. Then above the muffle is a clear space, 
F, of one foot in height, and this, with the spaces left 
around the muffle arrangement, down to the bars, 
form the fire- chamber. Thus it will be seen that the 
muffle-fioor is heated by conduction through the mass 
of material, for the fuel should not be at all under the 
muffle, but only at its sides and above it. 

The front of the furnace should be provided with 
five openings, arranged thus: One in front of the ashr 

15* 
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pit closed by two sliding doors, A, whereby the draught 
may be controlled. Next, one on each side of the 

muffle and at the ends of 



Fig. 31. 




the fire-bars, BB; these are 
made only just of a size to 
withdraw a bar on each 
side, and so admit of the 
fuel being dropped down 
into the ash-pit. Thirdly, 
a door, C, of the shape and 
size exactly corresponding 
to the neck of the muffle; 
this should slide down in 
grooves on the side, and 
should also fit as tightly as 
possible, being notwith- 
standing very free to slide 
up and down. 

In front of this muffle- 
door is built out a gallery 
(H, Fig. SO); this serves 
to contain the mouth coal 
(hereafter spoken of) dur- 
ing the working of the 



Lastly, an opening, D, is 
formed above the muffle 
for feeding the furnace, and the door for this is pro- 
vided with a bar to latch it to, and also by sliding 
upon an inclined wedge-shaped ear on each side, as in 
the drawing, Fig. 80, to admit of air entering ; and so 
by this we are capable of modifying the draught of the 
furnace. The whole arrangement is surmounted by a 
taper hood, which terminates in a chimney; this hood 
also having a damper in it, which when put in will 
close the opening to the chimney completely. The 
furnaces erected by Mr. Field, the Queen's assay er at 
the Mint, are of this description. 
It will doubtless be seen at once, that by means of 
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the asb-pit, muffle, and feeding-doors, together with this 
damper, a most perfect control of the fire is obtainable. 

The muffle itself is a kind of oven formed of fire- 
clay. Its sisse should be well proportioned to the fur- 
nace in which it is set, although circumstances of 
position of the furnace room, height of chimney, &c. 
&c., will very much modify the proportions of muffle- 
furnaces. In the author's own laboratory he was com- 
pelled to put up three sets of furnaces before arriving 
at proportions most suited to perfect working; thus it 
will be seen that no definite sizes can be given which 
will be universally applicable. But a muffle for the 
furnace described may measure 13 J inches long by 7 
high and 8 wide. Its sides should be bored with a 
number of holes from the outside, having a direction 
from below upwards: thus, although they freely give 
passage to currents of air outwards, their direction 
prevents the passage of small cinders inwards. These 
holes are much preferable to slits (as commonly made), 
and should be carefullv placed, in regard to the posi- 
tion of the cupels, so that a current passing over par- 
ticular cupels should be at once carried directly out 
into the fire; and there should be a row in the end of 
the muffle at the top, which will tend to clear the 
muffle of fumes: for it must be stated that during the 
working of assays no traces of fumes should be visi- 
ble, but a perfectly clear atmosphere exist inside the 
muffle. 

In fitting up these muffles in the furnace, the plate 
being first carefully fitted in its place, is to have the 
clay bed (well kneaded), put upon it ; next the muffle 
is firmly pressed on, and on the top of this latter a 
good coating of fire-lute, which assists in retaining 
heat, and also protects the muffle from blows of coal, 
&c A slow fire is then put into the furnace, and the 
muffle-fitting dried quickly, so as to crack it well ; these 
cracks being subsequently mended, the whole arrange- 
ment will be as a solid mass. 

The extensive use of the muffle-furnace in dental 
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operations renders it necessary to be tbns particular in 
describing its arrangement ; and it may be added, that 
in an arrangement well proportioned, even though 
smaller, the most intense heats may be commanded. 

The fuel suited (beyond all comparison) for assaying 
operations is charcoal, but the large consumption of a 
full-sized furnace, and consequent great expense, to* 
gether with the necessity for increasing largely the 
capacity of the fire-chamber, have caused other fuels 
to be adopted in its place, and thus anthracite coal and 
coke are much used. If the former be employed, we 
must be careful to obtain the best varieties only. By 
its use we can command a great body of heat in a 
small space, while from its density its combustion is 
comparatively dow. The fire requires lighting by ar- 
ranging the furnace, first with some quick-kindling 
wood, then a body of charcoal, and lastly with anthra- 
cite coal. Where charcoal alone is used it is a good 
practice to fill the furnace, and then on the top to throw 
some lighted fuel ; thus the fire burns downwards, and 
the whole apparatus is gradually heated up; but a 
furnace will by such working require from two to 
three hours to get in working condition, while with 
anthracite, as above described, it will be well hot in 
from an hour to an hour and a half. 

Now the practice of assaying by cupellation resolves 
itself into the following operations. First, the very 
accurate weighing of a certain fixed quantity of the 
specimen to be operated upon ; secondly, the cupelling 
this with a proper quantity of pure lead ; and, thirdly, 
the re-weighing the button of pure silver so obtained, 
when the loss of weight will be due to the alloy 
separated. This accurate weighing involves the use of 
a balance of the most delicate description. The one 
employed by the author is an instrument of his own 
construction, and described by him in the 6th volume 
of the Quarterly Journal of the Chemical Society, page 
86. It consists of a very light skeleton beam, 10 
inches long, | inch deep at the fulcrum, and tapering 
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off to j incb at eacb end ; it is about ^^ inch tbick at 
the centre, decreasing in the same way to ^q. As little 
metal as possible is left in it ; thus, in the centre there 



Fig, 32. 




is bat just enough to allow of secure fixing for the 
knife-edge; and at the ends, for adjustment of the 
length of arm, &c. This latter is effected by the ends 
being loose, and adjustable by screws, which fix them 
at the accurate distance. 
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The bearings for the pan pendants are two hard steel 
points at each end, adjustable (so as to bring the two 
end and centre bearings in a straight line) by having 
a fine screw cut upon each, and provided with fixing* 
nuts. By these the points can be screwed up or down, 
through the horizontal plate formed iat the end of the 
beam. 

The pendants are hung on these points by a small 
steel plate, in the under side of which a cup-shaped 
cavity is turned for the front^ and a groove for the back 
ones. 

The knife-edge in the centre rests upon agate bear- 
ings, which latter, instead of being plain, are worked 
to elliptical faces, the axis of the ellipsis being parallel 
with tne beam ; hence the knife edge bears virtually 
upon points. 

Bearing in mind the very small weights these 
balances are intended to carry (which should not ex- 
ceed twenty-five to thirty grains), no hesitation existed 
as to reducing all parts of contact where friction during 
action occurs to tne smallest possible dimensions ; and 
indeed, although the author has had two of these in* 
struments in daily hard work for nearly ten years, 
these delicate parts show no indication of wear by any 
diminished sensibility. The stand is massive in its 
construction, in order that when put into action no 
tremulousness may be communicated to the beam ; it 
is formed of two stout pillars of one-half inch diameter, 
and six and three-quarter inches long, fixed on a ba^e 
one-quarter inch thick ; upon the upper end of these 
is fixed a table, which has two upright pieces rising 
from \% to which are cemented the agate bearings. 
A second corresponding table is attached to the move* 
ment rods whicn pass down the pillars. This table 
has two mortices in it, for the passage of the upright 
pieces which carry the agates, and upon these uprights 
as guides it slides up and down. On the outside of 
this second table is a crutch on each side ; these lift 
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off the beam from its bearings, when throwing it out 
of action. 

The moyement-lever on being depressed, first, how* 
ever, acts upon the arms of two rollers, which are fixed 
under the lanthorn, and whose opposite arms depress 
the iTory tables which sapport the pans. By the time 
the tables are well away from them, the lever has 
reached a connecting stirrnp between the movement- 
rods, and begins to drop the beam upon the agates. 

The tables have a small hemisphere of agate fitted 
in their centres, and the pans themselves have a curve 
given them of a radius just equal to the distance be- 
tween the ivory table and point of suspension; by 
these provisions, should they swing out of the perpen- 
dicular during weighing, they will nevertheless be 
caught at any point by the tables when they rise up 
to them. 

By the pillars being fixed at a distance of 1} inch' 
from each other, a good space is obtained for the scale ; 
while by prolonging the index-needle to rather more 
than 6 inches downwards, very open degrees are ob* 
tained. And besides this great advantage, the motions 
of the index-needle are brought nearly upon a level 
with the pans, and thus altogether under the eye. 

An instrument thus delicate is absolutely necessary, 
because the smaller the quantity of metal we operate 
upon (within certain limits), the more successful will 
be the operation; and although we could, by using a 
heavier instrument, get nearly as close weighings, 
their performance would be very slowly effected, and 
with less certainty. 

The quantity taken for examination is called an 
assay pound, because it is a representative of the troy 
pound : hence, in silver work it is subdivided in the 
same way, viz., into ounces and pennyweights, the 
balfpennyweight being the smallest denomination to 
which, in Great Britain, silver assays are reported, 
although an assayer with such a balance as the above 
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can weigh accurately to half a troy grain, even with a 
small assay pound. 

This assay pound may be any quantity, chosen ac- 
cording to the particular views and practice of the 
assayer, and may range between 6 and 12 grains: the 
quantity generally used by the French assayers is the 
gramme, or 15J troy grains, but for several reasons 
this is too large for cupel assays, and less calculated 
to give correct results than a smaller quantity. A 
ten-grain pound is a very good one for silver. The 
old assayers always worked with ounce and penny- 
weight divisions of this, but a better plan is to work 
decimally, and, if trade estimations be required, to 
convert the' decimal into the trade expression. 

By this latter method fine silver would be called 
1000, and English standard silver, which contains in 
the pound troy 11 ounces and 2 dwts. of silver, mixed 
with 18 dwts. of alloy, would be 925 in the thousand. 
Mexican dollars are a mixture of 10 oz. 16} dwts. of 
silver, with 1 oz. 8} dwts. of alloy. Hence all the 
excess of alloy over the English standard would be 
called " worseness," and they would be reported worse 
6} dwts. The decimal weighing of such an assay, if 
truly made to the Mexican standard, would be 902.7 ; 
actually worse 5 dwts. 8 grains : but as trade reports 
are only made to each } dwt., it would be reported 
W 5} dwts. 

To take one other example, the French standard 
contains 900 parts of silver with 100 of alloy : now 
this is exactly equal to 10 oz. 16 dwts. of silver with 
1 oz. 4 dwts. of alloy. Hence this would exactly 
worse 6 dwts. 

On the other hand, certain Indian rupees contain 
950 parts of silver with 50 of alloy : this would be 
equal to 11 oz. 8 dwts. of silver with 12 dwts. of 
alloy. Hence the trade report for these would be 
better 6 dwts. 

The first step, then, in the assay of a specimen of 
alloyed silver, is the careful weighing of an assay 
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pound of the sample: for this purpose the cut from 
the bar is flattened out to a thin disk; off this the 
edges are carefully cut, and from the centre two assay 
pounds are prepared by an assistant, in a less delicate 
balance than the one described. The assayer himself 
then verifies and corrects these rough weighings in 
the fine balance, and proceeds to wrap the metal up 
in a piece of sheet-lead, amounting in weight to just 
half the quantity required. This varies much, in- 
creasing just as the amount of alloy in the specimen 
increases. Most writers upon this subject have trans- 
cribed a table by D'Arcet, wherein he commences 
with fine silver, and states that it requires ^ of its 
weight of lead for cupellation ; that English standard 
may be cupelled with five timeis its own weight, in- 
creasing the quantity of lead as the alloy increases, 
until the latter amounts to 500 parts of the thousand. 
To such a silver he would give 16 or 17 times its 
weight of lead, and no greater quantity to any coarser 
specimen. 

But from the author's experience there are great 
difficulties in working, even fine silver, with less than 
three times its weight of lead ; nor does he believe 
that results obtained on the finer quantities of silver 
are worthy of trust with a less quantity. English 
standard will require six times its weight, and coarser 
varieties in like proportion. 

The estimation of the quantity of lead required will 
be a matter for the experience of the assayer. A 
practised operator will judge very closely by the 
hardness or softness of the cut of the meta], joined to 
its color, and the like, and seldom be far out; but 
when there is any doubt upon this point, it is better 
to err on the side of too much rather than too little 
lead. The French works on assaying recommend the 
use of a paper case for the metal, but this is a most 
clumsy expedient; and if this, with other details of 
the operation contained in such sources, be the usual 
French practice, it is not surprising that some other 
16 
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method of silver assaying shoald hare been found 
needful in France. 

It is almost needless to remark that lead, as free as 
possible from silver, must be employed, and on any 
purchase of fresh lead the amount of silver contained 
must be tested. Still, as the proofs assayed with the 
samples are done with the same lead, the importance of 
this is, to some extent, diminished. 

The specimens are then carefully wrapped in their 
lead cases, and if many are operated on at once, care- 
fully ranged in distinct compartments of a tray: this 
latter is well to be made of the size of the muffle- floor, 
with compartments corresponding to each cupel. 
While these weighing operations are going on, the 
fireman having lighted the furnace and put the requi- 
site cupels in the muffle, the heat is gradually got up, 
and examined from time to time. When the muffle 
is of a uniform bright red, and the cupels have lost all 
ashy appearance, the fire is nicely compacted, and the 
furnace opened ; in the muffle-door is built up a 
series of pieces of charcoal, commencing with some 
large pieces, then following with a layer of smaller, 
and so on, until the mouth is about two-thirds built 
up, as seen in the' front view of the furnace. An 
assistant then puts the remaining half quantity of lead 
into the cupels ; when this is fused the assayer care- 
fully charges in the assays, and when all are in, com- 
pletes the mouth with small twigs of charcoal. The 
working or oxidation of the bath is then started, by 
first throwing a current of air through the muffle. 
This is shown by the bath of metal becoming covered 
with small patches of oxide of lead; these circulate 
from the centre over the edges. The working thus 
fairly set up, the adjustment of draught by means of 
the various furnace openings is to be made, so as to 
maintain a steady circulation from the centre to the 
circumference, where the oxides appear to be absorbed 
by the cupel. During this working, no appearance of 
fumes should be manifest; indeed, nearly the whole 
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of the oxides shoald pass into the capel, and that they 
do so in a well-execated assay may be proved by 
weighing the cupel before and after the operation, 
when it will be found to have gained just the weight 
of lead used plus its equivalent of oxygen. 

The globule of fused metals goes on diminishing in 
size, until, after from twenty to forty minutes, the 
whole of the lead and base metals will have been oxi- 
dized. Just as this occurs the globule suddenly dis- 
plays a most brilliant appearance, dependent upon the 
red hot mass of silver, being visible through a thin 
film of oxide of lead; this appearance is termed the 
brightening of the assay, and is immediately followed 
by an exquisite play of prismatic colors over the but- 
ton; these flutter upon the surface for a few seconds 
and then clear off, leaving a bead of pure silver. 

If the furnace mauagement be good, the '* going off'' 
of the assays will commence with the row in front, and 
pass back from row to row to the last. If, on the 
other hand, the working off occurs irregularly, and at 
all parts of the muffle, perhaps coming even backwards, 
it is an indication of bad fire-work, and the resulting 
assays will turn out very unsatisfactory. The arrange- 
ment of "mouth coals," as the charcoal in the muffle- 
door is termed, is very advantageous, tending much to 
regular working. It soon takes fire at the inner end, 
and by its slotr, steady combustion, keeps up the heat 
of the assay near to the external cold current of air, 
which latter is thus warmed on entering; and, more- 
over, the too violent oxidizing agency of common air 
is diluted by an admixture of carbonic acid. Then, 
again, the regular working of all parts of the fire may 
be insured by removing some twigs where necessary, 
or inserting others where the working is proceeding 
too rapidly. And from these remarks it will be seen 
that from the time of charging in until all are worked 
off the furnace must be carefully watched by the 
assayer, or by a practised fireman. 

It now remains only to draw out the mouth coals 
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with a flre-hoe, which must be done quickly and com- 
pletely, and the mufiEle-door dropped in ; the whole of 
the furnace-openings are then closed up, and all allowed 
to cool down thoroughly — a stage occupying from half 
to three-quarters of an hour. 

The furnace is then opened and the assays taken 
out into an iron tray. If they are good, the buttons 
will appear nicely rounded, the top slightly pitted, aud 
their surfaces somewhat matted or crystalline, and they 
should adhere but slightly to the cupel. If the adhe- 
sion be much, and they throw out any projecting por- 
tions at their bases, they are not fine ; and if in place 
of standing up nicely rounded from the cupel, they 
exhibit a flat appearance, it is a sign that they have 
not had lead enough added to them. 

Now the rationale of the operation is this. When 
lead is heated in a current of air it is readily oxidized, 
forming a very fusible oxide; this also is very ready 
to furnish part of its oxygen to certain other metals: 
thus copper becomes oxidized, and its oxide, dissolved 
in the fluid litharge, passes with it into the texture of 
the porous cupel in which the assay is made. 

It now only remains to weigh the assays and com- 
pare them with some well-known standards of compa« 
rison, worked in the same fire with the unknown 
alloys. It will be found that there is uniformly a loss, 
dependent partly upon silver volatilized and partly 
upon absorption by the cupel. This loss is a fluctuat- 
ing quantity, varying with circumstances, and espe- 
cially with the temperature of the furnace; hence the 
standards or proofs used in the operation afford the 
best means of verifying the assays, and from a great 
number of these it may also be learned pretty closely 
what this loss should be as a normal quantity. 

Prom the dry we may pass to the humid assay of 
silver; an operation which had its rise in France, being 
contrived by Gay Lussac in consequence of the uncer- 
tain results obtained in the French Mint by cupella- 
tion. It is performed by precipitating the silver, after 
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we have conyerted a known weight into nitrate, by 
chloride of sodium; and then, havjog ascertained the 
qaantitj of the latter needed to effect this, we learn 
the quantity of chloride of silver formed, and by con- 
sequence the quantity of silver present in the specimen 
assayed. 

This is a natural sequence of the law of combination 
in equivalent proportions. For, 108 parts of silver are 
equivalent to 85.5 of chlorine in combining; and 85.5 
is the equivalent of chlorine, whether it combine with 
silver, sodium, or any other body. Thus our knowledge 
of the quantity of silver sought is certain, when we 
know the amount of chloride of sodium used for its 
complete precipitation. Suppose, then, an assay formed 
of fine silver be taken of ten grains weight, and it is 
required to know how much chloride of sodium will 
exactly precipitate this; it is a simple question 'of pro- 
portion thus stated : As 108 (the equivalent of silver) 
is to 10 grains, so will 60 (the equivalent of chloride 
of sodium) be to the quantity required, which will be 
found to be 5.555 grains. Having arrived at this quan- 
tity, a solution of salt is made, in the proportion of 
5.555 grains to every 1000 grains of water; hence, 100 
grains of this would completely precipitate 1 grain of 
silver; 10 grains, .1 of silver; and so on. A solution 
so made, however, always requires correction after 
testing it with a pound of pure silver, for the calculated 
quantity of salt is generally found insufficient. 

If, then, it were desired to estimate the proportion of 
silver in a coin (an English silver coin for example), 
the following proceeding would effect this. An assay, 
formed of 10 grains first cut off, should be dissolved in 
a small quantity of acid by a gentle heat, the solution 
being made in a bottle capable of well stoppering. 
Next, a quantity of the salt solution might be put into 
an alkalimeter, of a convenient form for weighing, and 
the instrument and its contents very accurately weighed. 
A quantity of the solution should next be added to 
the silver solution, until it was supposed something 

16* 
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▼ery near to oomplete precipitation was effected. Then, 
on stoppering the pottle and giving it a vigorous shak- 
ing, the chloride formed would agglomerate and the 
liquid become quite clear. Salt solution is then to be 
added, a few drops at a time, shaking and clearing 
after each addition, until exact neutrality is attained. 
Lastly, by returning the alkali meter to the balance and 
ascertaining the quantity of solution used, the amount 
of silver would be ascertained. 

But the difficulties attendant upon such a method 
will no doubt at once be apparent, the chief of which 
will be seen to be the extreme care and expenditure of 
time necessary in order to arrive at the point of satu- 
ration, enhanced by the fact that errors of one to two 
hundredths of a grain in the silver estimate are con- 
sidered grave ones, and may be produced by corre- 
sponding errors of one to two grains of solution too 
much or too little. 

It might be imagined that if, in place of weighing, 
we used some means of measuring the salt, it would 
answer all purposes; but this is impracticable with a 
strong solution from the yet increased difficulty of 
measuring such small amounts in any ordinary way : 
hence, out of these difficulties the method now usually 
pursued arose, and which in outline is the following. 

A solution of salt is made just as already described, 
and of this, one constant measure is used in all cases — 
1000 grains, for instance: hence, to accommodate this 
constant quantity, a varying one of the silver specimens 
is taken ; such quantity of silver being regulated by pre- 
supposed qualities, and being just the amount which 
would contain the assay pound of pure silver, the ex- 
cess of .weight being due entirely to alloy. 

An example or two, after description of the solutions 
and apparatus, will, perhaps, make the system plain. 

First as to solutions.— For the preparation of the 
first, or " normal solution," some good clean salt may 
be procured, rubbe<i to powder, and well dried. When 
perfectly dry, a quantity may be taken — ^say for 100 
assays; this would be 5.555 grains X 100 » 555.5 
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grams : tbis is next to be dissolved in 100 quantities of 
1000 grains each » 14 lbs. 2 oz. 50 grs. of water. Then 
from tbis, after verifying and correcting its strength, a 
second solution, or "decimal solution," is made, which, 
as its name implies, shall be just one-tenth the strength 
of the normal. For, as close indications are arrived at 
in an assay, the concentration of the former solution 
being so great would require extremely small and accu- 
rate measurements; hence we employ this tenth solu- 
tion, formed by adding 1000 grains of normal to 9000 
of distilled water, and by so doing are enabled to make 
our fine additions of ten grains measure instead of one. 

A thfrd, or supplementary solution, is made of one 
assay pound (equal to 10 grains) of silver, dissolved in 
a small quantity of nitric acid, and then made up in 
quantity to 10.000 grains. This is called the " nitrate 
of silver solution," and it will be seen that, bulk for 
bulk, it will exactly neutralize the decimal salt solution. 
Its use will presently be seen. 

Where many humid assays of silver are made, it ia 
convenient to have the normal solution of salt kept in 
a large glass vessel (and a large German-glass Woulfe's 
bottle makes a very convenient receiver). Into one 
neck of this is to be inserted a syphon-shaped tube, of 
tolerably large capacity, so that at its lower end a 
small thermometer can be inserted ; just below this, 
the tube is contracted, so as to enter and cement into 
the upper end of a silver cock of peculiaf construction ; 
to the lower limb of this cock a pipette, of 1000 grains 
capacity, is cemented ; and the whole apparatus must 
be so placed and proportioned, that the line on the stem 
of the pipette marking the 1000 grain point should be 
at about the level of the eye of an operator. The 
pipette line should be adjusted just at the point from 
which it will deliver 1000 grains, leaving the drop in 
the point, which will be retained by capillary attrac- 
tion, as an overplus not to be used. 

The use of the thermometer is to ascertain the tem- 
perature of the solution as it flows over it ; for as, of 
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course, expansion by heat will by jast its amount 
weaken the solution, so a correction is necessary for 
the temperature at which the assays are made. 



Fig. 33. 



Fig. 34. 





The cock is shown in Fig. 34, and consists of a 
barrel and plug, as in any ordinary one, but the way 
through it from the plug outwards is continued by 
a small central tube, A. A small conical valve, B, 
enters the side of the main tube of the cock, just below 
the commencement of the inner tube; this valve being 
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dosed bj a similarly shaped plug, wbicb jams up on 
turning it, being forced up by a small screw-head, 
which works in a spiral slit in the side of the valve. 
This is for the admission of air into the upper part of 
the pipette, so as first to adjust the contents, and sub- 
sequently to cause their Bow out. 

The whole of the above apparatus is for the normal 
solution only. Then, for the measure of the decimal 
solutions of salt or of silver, a few small, straight 
pipettes iare employed, graduated in five 10 grain divi- 
sions; or, in other words, with five spaces, each equal- 
ling one hundredth of the large pipette. It will then 
be seen that one of these divisions or hundredths of 
decimal solution, will precipitate just one thousandth 
of the quantity that a large pipette of normal solution 
would do. 

A few well-stoppered bottles are required for the 
solution of the specimens, and carrying on of the ope- 
ration ; and for the heating up of the solution bottles, 
some convenient form of water-bath, because the dis- 
solved assays clear much more readily if they are ope- 
rated on at a tolerably warm temperature. 

Let it be assumed that the normal and other solu- 
tions are," all of correct strength, and it is desired to ascer- 
tain the amount of silver in a specimen whose quality 
is quite unknown. Now this must be roughly learned 
before the quantity to be taken for assay can be de- 
cided. Thus a rough assay is first made. 

As before remarked, the assayer's experience will tell 
him pretty certainly, from external characters, some- 
what of the quality : for instance, whether it be silver 
of seven^ or eight, or nine hundred parts in the thou- 
sand. 

But in any case, for this rough estimate, an actual 
assay pound may be taken and dissolved in a small 
quantity of acid. Then, for these approximating assays, 
it is well to have two or three pipettes of varied capa- 
city, say of 700, 800, and 900 grains contents. If, 
then, we have assumed that the specimen under exam- 
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ination is not less than 900 in value, we take tbe 900- 
grain pipette, and add that quantity of normal solution; 
then well shake until clear. Next, one thousandth of 
decimal solution (bIO grains) is to be added as a test, 
whether the specimen 1^ really above 900 or not If 
a cloud is produced, showing that it is so, nine thou- 
sandths may at once be added, which will bring the 
indication to 910. The liquid is again to be cleared, 
and another ten thousandths added, but only if the first 
drop or two (delivered by just loosing the retaining 
finger from the pipette top) produces cloud; then the 
whole is put in and the assay again cleared. It is now 
at 920. The same addition and clearing is again made; 
and then a fourth: but now this one, which would 
have brought the assay to 940, is found to be too much; 
and not only may this be so, but it is almost certain 
that some of the quantity which made the 930 was in 
excess. Hence it may be assumed that half is to be 
taken ofi; leaving the number 925 as an approximation* 

Now the calculation for the quantity to be taken for 
assay of such an approximate value, is one of inverse 
proportion, thus stated : As 1000 parts : 10 grains : : 
925 parts be to the amount sought, which will be 
slightly over 10.81 grains. But there are tables cal- 
culated for these quantities in all qualities of silver, 
down to equal parts of silver and alloy. 

For the actual assay a quantity rather in excess 
should be taken, as it is better that some thousandths 
of salt solution should be required; therefore the next 
step would be to weigh accurately two separate assay 
quantities of 10.85 grains each, and dissolve them. 
The fumes of nitrous acid are to be blown out of the 
bottles, and then the dose of normal salt solution got 
ready for the first, operating thus: the air-valve of the 
cock being opened, a finger of the left hand is placed 
below the point of the pipette ; the cock is then turned, 
and solution allowed to flow in until the pipette is full, 
and it reaches an inch or so above the full mark on 
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the stem ; the cock is then shut off, and next the air- 
valve closed, when the finger may be removed from 
the beak of the pipette, for as there is no opening above 
the solution it will be retained without spilling a drop. 
The level of the salt solution is then very carefully ad- 
justed to the line, bv opening the air- valve very slowly 
and cautiously, and thus allowing the excess to drop 
slowly into a vessel below. This done, the air-valve 
is closed, and one of the assay-bottles brought under 
the pipette. Next the air- valve is completely opened, 
and the whole of the solution allowed to run into the 
bottle, leaving the last drop retained in the beak by 
capillary attraction, as this, being a tolerably constant 
quantity, needs not to be employed. 

The duplicate assay being similarly treated, the two 
are next well shaken. The French use an apparatus 
consisting of a divided case for containing some ten 
assays, suspended by springs, which can thus be put 
in rapid shaking motion ; but for a small number, an 
assistant will well dispense with this. After a minute 
or so of brisk motion they become quite clear. This 
shaking acts by breaking up the light curdy structure 
of the chloride and condensing it, without which it 
would retain undecomposed nitrate of silver, which 
would, by more gradual action of the salt, tend to 
maintain the cloudiness of the solution for a consider- 
able time. 

The decimal solution is next brought forward, and a 
10 grain quantity added to each assay ; if it produces 
cloud in them, a second is added, and again cleared; 
then a third, and so on, until an addition of one of these 
produces no effect. 

Suppose, then, that in this way six have been added, 
the last (taking no effect) would not be counted ; then 
it may be assumed that only half of No. 5 was re- 
quired, making four and a half thousandths only effec- 
tive. Now, if the approximation of 926 were really 
correct, 10.81 parts (the calculated quantity) of silver 
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woald have been exactly decomposed by the pipette 
of normal solution; but as 10.85 were taken, lest the 
first estimate should have overrated the quality — or, 
in other words, four thousandths too much — four of 
the measures of salt will have to be deducted, as only 
neutralizing this excess of silver; and in finally calcu- 
lating the result we should have to reckon only half a 
thousandth as the quantity actually required. Thus 
the true report would be about 925.6. 

A few columns of one of the tables in use may be 
here given as an example : — 
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040.8 


041.8 


042.7 


043.7 


044.6 


045.5 


046.5 


047.4 


04S.4 


10.70 


031.6 


033.5 


036.4 


037.4 


38.3 


030.3 


040.2 


041.1 


0421 


043.0 


043.9 


10.7A 


030.2 


031.2 


032.1 


033.0 


033.0 


034.0 


035.8 


036.7 


037.7 


038 6 


938.6 


10.80 


025.0 


026.8 


027.8 


028.7 


020.6 


030.6 


031.6 


032.4 


033.3 


034.3 


985.8 


10.M 


021.7 


022.6 


023.6 


024.4 


025.3 ' 026.3 

1 


027.2 


028.1 


020.0 


eao.0 


030.9 


10.00 


017.4 


018.3 


010.3 


020.2 


021.1 ' 022.0 

1 


022.0 


023.8 


024.8 


025.7 


026.6 



It will be seen from the above that, with an approxi- 
mate report, we can at once learn by such a table the 
quantity to take for assay, as well as, on the other 
hand, the actual report from the amount of salt solu- 
tion added. 

The decimal solution of nitrate of silver comes into 
use in cases wherein an over-estimate has been made 
by the approximating assay, and consequently the first 
addition of decimal salt solution fails to produce any 
cloud. Under such circumstances the operator has to 
work back, adding silver solution just as he would 
have done salt. The report then shown by the proper 
table of course falls for each thousandth of silver added. 
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Bat aflsays tbtis worked back are never so satis- 
fieustory as the under-estimated ones, and in practice 
there is mach difficalty in getting them clear after each 
small addition of silver. Hence Dr. Miller advises, in 
eases where silver is foand to be wanting, the addition 
of five-thoasandths of the decimal silver solution at once, 
and then (presuming it is still not too weak) working 
forward with salt; and in the end, counting as if these 
five-thousandths had been at first taken with the assay 
quantity dissolved. 

In conclusion of this matter, it must be borne in 
mind that mercury in solution will be precipitated also 
as an insoluble chloride ; and hence, when that metal 
is present, as it sometimes is, a &l8e report is liable to 
be given. But when subchloride of mercury is mixed 
with the chloride of silver, it is shown by the chloride 
not being blackened by light, and thus means may be 
taken to remedy the possible error ; but where assays 
are quickly done this sign is apt to be overlooked. In 
cases where its presence is ascertained, Gay-Lussac 
advises the addition of a quantity of acetate of soda 
before carrying out the assay, and then proceeding as 
before. 

In the Indian mints, where unskilled manual labor 
is very inexpensive, and, moreover, ample time is 
allowed for the performance of the assays, a process 
has been perfected by Mr. Dodd, whereby he precipi- 
tates the silver completely in a light glass flask, by 
adding at once an excess of chloride of sodium or hy- 
drochloric acid to an actual assay pound of silver; the 
chloride is then patiently washed until quite clean, 
and decanted with much care into a small porous cru- 
cible, where it is afterwards perfectly dried, the mani- 
pulation being so carefully carried out as to admit of 
the removal of the whole of the chloride in a compact 
cake for weighing. The process is certainly far pre- 
ferable to the French one; it dispenses with approxi- 
mating assays, and, moreover, admits of a constant 
17 
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weight being employed : but, on the other hand, it is 
a very tedioas one, requiring much care, especially in 
the washing operation; although, by the excellent 
arrangement of apparatus devised by Mr. Dodd, this 
labor is facilitated as much as possible. Hence it is 
unsuited where quickness is an object in carrying out 
assays, although by far the best wet process in exist- 
ence. 
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CHAPTER IX. 

GOLD. 

In the early books of the Bible, viz., those of Moses, 
we find mention not only made of gold, but allusions 
which show/nuch knowledge of the properties peculiar 
to that metal. Again, in Job, it is spoken of as dust 
of gold, and a metal which men refine; while, lastly, 
the prophet Malachi mentions this operation in such 
terms as to show that it was well understood in prac- 
tice. 

Its use as a medium of value was then a common 
one, as at the present day, and its domestic applica- 
tions were also the same, viz., to decoration, not only 
of buildings, but for ornaments for personal wear ; and 
in many of the ancient descriptions, as, for instance, of 
Solomon's temple, the quantities and uses of the metal 
seem almost fabulous. Thus, after describing quanti- 
ties enormous in themselves, we are told that the upper 
chambers were " overlaid with gold," — an expression 
showing that gold-beating to some extent must have 
been understood by the Israelites ; and we have many 
evidences that this latter art was practised to perfec- 
tion by the Egyptians. 

Yitruvius again describes the operation of amal- 
gamation in a nearly identical manner with our own 
process. 

Gold is found in nature in a state very nearly pure, 
being associated principally with silver; other metals 
which are found alloying it are generally only in very 
small proportion indeed. The beauty of the metal has 
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doubtless always mncb enhanced its estimation ; when 
pure it is of a brilliant rich yellow color, its color 
being capable of much modification by the addition of 
alloys: thus, by varying quantities of silver or copper 
alone, we are enabled to obtain various shades of yel- 
low, or even green, as also of red and orange. Gold is 
commonly used alloyed, for in its natural, or fine state, 
it is nearly as soft as lead — a property which, although 
valuable for some of the applications of the metal, ren- 
ders it incapable of resisting anything like hard wear; 
and thus in its pure state it is nearly useless for coin 
or articles of jewelry. 

Gold is, with one exception (also of a metal, viz., 
platinum), the heaviest body in nature. Gold being 
19| times heavier, while platinum is 21} times heavier 
than water. Gbld is very generally distributed in 
nature ; it is found in quartz rock, running in inter- 
secting veins to beds of granite : and it is next to iron 
in its universal distribution. But where it is found in 
largest quantities it is associated with alluvial deposits, 
produced by the breaking up of primitive rocks, and 
consisting of sand and gravel. With this the gold is 
found in nodular masses, called nuggets, decreasing in 
size down to ordinary gold dust. These are carried 
down from mountainous districts into the rivers, from 
the sand of which it is commonly separated, being 
found in largest accumulation at the bends of the 
streams. From the earliest times, localities of the 
above nature have been discovered year by year, and 
although many become exhausted, yet where they still 
exist their reputation is comparatively lost in the bril- 
liant discoveries of the few late years. 

As to localities, all quarters of the world produce 
gold; and in Europe, even our own country has 
afforded small quantities. Thus, from time to time it 
has been met with in Cornwall, in stream- works where 
tin mining is carried on. At Coombe Martin, near 
Ilfracombe, in Devon, from 800 to 400 persons were, 
at one period, employed in actual gold-mining, and it 
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is stated with very large produce. Then, in Cumber- 
land, Scotland, and Ireland, it has been found. 

In Lanarkshire, in Scotland, 300,000/. worth was 
procured during the reigns of James IV. and V. of 
Scotland ; and at Wicklow, in Ireland, the peasantry 
who discovered its existence gathered some 10,0002. 
worth. 

On the Ck>ntinent, small but unremunerative quanti* 
ties have been found in France, Spain, Switzerland, 
and the Rhine districts. Hungary actually produces 
about 170,000Z. worth yearly, from several mines. In 
some of these mines the gold is associated with sul- 
phide of silver, in others with auriferous iron pyrites. 
In Silesia some old mines have lately been reopened, 
and, although poor, worked to much advantage by a 
process which will be hereafter described. 

In Asia, Russia is the only country producing gold. 
The mines in the Ural and Siberia contain the metal 
in auriferous pyrites, and Russian gold is often, also, 
associated with platinum and palladium. The largest 
amount is procured from the high ridges of Siberia, 
which separate it from China. Sir R. Murchison states 
the present produce of Russia at about three millions 
per annum. 

In Africa, Ethiopia furnishes the present supplies, 
where the metal occurs in ferruginous earth in span- 
gles ; and thus all the African gold reoeived by us is 
in the form of dust. 

In America, Brazil in the south furnishes a large 
supply now, and in Mexico large quantities are yearly 
separated from the silver there obtained. From the 
years 1600 to 1700 our sole supply in Europe was from 
South America, and during that century 837 millions 
worth of the precious metals was furnished hence. 
From the Brazils the gold supplied is from the same 
soil as the African. But the chief American yield is 
now from the North, and there from a small slip of 
country in its southwest limit, viz., from California. 
The Sacramento River, and small streams flowing into 

17* 
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it, are the productive localities of tbat country ; the 
gold district extending to the bay and town of Saa 
Francisco. It is here found in deposits formed by the 
disintegration of quartz and granite, and in the valleys 
and flats the gold is mixed with gravel and boulders, 
these latter being formed of quartz. 

The Californian gold is principally carried to the 
States, where it is refined, and our supplies from the 
former country thus come second-hand to us, and gene- 
rally as refined gold. California had supplied about 
64 million pounds from 1847 to 1866 inclusive, being 
at the rate of 8 millions per annum ; but lately it has 
afforded about 14 millions yearly. 

About four years after the discovery of the Califor- 
nian mines the Eastern Australian gold-fields came to 
light, the information being first practically afforded 
by a Mr. Hargreaves, in April, 1861 ; but it had been 
prophesied some ten years previously by the Bev. W. 
Clarke, during some geological explorations, and again, 
in 1861, by Sir B. Murchison. 

When first found here, the quantities obtained at Bal- 
larat and other places were so fabulous, that it is not 
very surprising that Australian society was almost in 
a state of disorganization, or that so great a sensation 
was created in our own country that a continued rush 
of all classes of persons emigrated to the colony. For 
it was not uncommon for diggers in one week to obtain 
from lOOOZ. to 1600t worth of gold by ordinary work- 
ing ; and in one case, well known to the author, a party 
of three obtained 20 lbs. weight of gold in one day. 
Then, again, as a rarer example, three English sailors, 
who were digging with pretty good general success, 
at the close of one day's work came accidentally down 
upon a nugget which weighed no less than 176 lbs. 
and was by them brought to England. 

The gold here is always more or less associated with 
quartz, and generallv lies upon a yellowish-brown rock, 
being found at depths varying from 14 to 40 feet from 
the surface. It is maintained by some, that at great 
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depths there are nnlimited supplies, and that the gold 
found in alluvial deposits and rivers has, in all pro- 
bability, been deposited there by volcanic action. And 
upon this theory operations are being experimentally 
made in Australia for deep quartz mining. 

Native gold is found either in small scales as gold 
dust, or in larger but similarly formed pieces, then 
called nuggets. These latter are often associated with 
quartz, and have an appearance of the metal and quartz 
having been in a state of fusion together : indeed, the 
nuggets always present this fused appearance. Crys« 
tals are occasionally met with, at times isolated in the 
dust, at others jutting out from masses of quartz. These 
crystals are almost always octohedral, but occasionally 
in irregular six-sided tables. Besides these natural 
crystals, gold may also be artificially crystallized. 

. The operations of the Australian gold digger will 
show how much the working of gold mining is purely 
mechanical. 

Thus, a party of diggers, after opening the ground, 
commence operations by what they call "prospecting" 
the soil. This is effected by taking up portions in a 
shallow basin, and adding water; then by well shaking 
the earthy portions may be suspended and ultimately 
washed off. The portion of metal left in the bottom 
of the basin, if any, shows them whether the spot is 
rich enough to pay the working. If so, the digging is 
carried on and tne earth either washed in the basin just 
mentioned, or else, if the party consists of four or more 
men, a machine called "a cradle" is employed. This 
is a long trough of some seven feet in length, and 
about two broad ; across the bottom of this several 
bars are nailed at equal distances, and at the upper 
end a kind of sieve is fixed at about a foot above the 
bottom. This whole arrangement is mounted upon 
rollers. 

One man digs out the earth from the hole, a second 
supplies the cradle sieve with this auriferous earth, a 
third keeps up a supply of water, which he pours upon 
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tbe earth in tbe sieve, while the foarth keeps the 
machine continually rocking npon the rollers. Thus 
large stones washed out are removed by hand from the 
sieve, and the water, at the same time, washes the 
smaller through, which is slowly carried towards the 
lower end of the trough by a slight inclination being 
given to the whole. Thus the flow of water tends to 
keep the earthy particles in suspension so as to allow 
of their washing off, while the heavier portions of gold 
are obstructed in their flow, and retained against the 
cross-bars fixed to the cradle bottom. These are re- 
moved from time to time and dried in the sun, when, 
after blowing away lighter particles, the metal only 
further requires to be melted. 

But if the above operation be not carried on with 
proper care, there will be much waste from the flowing 
away of smaller particles of metal, and thus much of 
the refuse of the early Australian diggers, who worked 
when the yield was most profuse, has been again worked 
with considerable profit. 

The operation aoove described is in principle just 
what is carried on in all localities where gold dust is 
collected, the differences being only slight ones of 
manipulation. 

Thus in some of the river washings the sand is raised 
from tbe bottom much in the way that ballast is dredged 
from the Thames. The sand being received in boats 
is then hand- washed in small wooden bowls, just to a 
certain point of cleansing; beyond this, as the metallic 
particles are very fine, loss would, perhaps, arise from 
their pouring away with the smaller sandy particles; 
so the produce is finally washed in vessels or tubs upon 
the shore, after which the whole residue is treated with 
mercury, which amalgamates with the gold, and admits 
of the final separation of foreign matters; the amalgam 
being finally heated so as to drive off the mercury. 

But a very large supply of gold is now obtained by 
the more systematic working of the quartz rock con- 
taining it. This is subjected to crushing, and is after- 
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wards stamped and gronnd to powder. This powder 
is then treated with merenrj, and from the amalgam 
obtained the gold subseqaently separated. 

Many plans and machines have been devised for the 
crushing operation. Thus, Mr. Berdan, Mr. Perkes, 
and others have patented crushing-mills ; but, perhaps, 
there is none better than the roller machine here 
represented. 

It consists of two rollers of cast iron, moving as in 




the ordinary flatting-mill, but in perpendicular bear- 
ings, which by sliding in a groove on each side admit 
of the adjustment of the rollers as to distance apart. 
A long lever acts upon the bearings of one roller by 
its own weight, joined to that of a tolerably heavy 
one suspended upon it. It presses the roller K>rward, 
and also allows of a little separation, so that pieces 
which resist breaking, from their size or hardness, 
will pass through. This elastic power also admits of 
regulation by adding to the weight, or removing it 
nearer or further from the end of the lever. The 
crushed matters pass through a strong sieve, so as to 
separate the large portions for a second crushing. 
The finer parts are then stamped, in similar stamping- 
mills to those used in the Mexican silver-works ; and, 
lastly, it is often found necessary to grind the residue 
before mixing it with mercury. 

A very excellent amalgamating apparatus is in use, 
which will well illustrate the requisites of such a 
machine. It consists of a series of cast-iron pans, 
mounted upon separate strong tables, and arranged 
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one above another, at sucb heights, as that when the 
first one is filled, any overplus flowing into it may 
flow by a spout into the second, and similarly from 
the second into the third, and so on. The centre of 
the casting is carried up in 2 tube which is arranged so 
as to allow of the passage of the axis of the moving 
part of the machine up this ; this axis is centred below 

Fig. 36. 




in the base of the machine ; just above the centre is 
placed a large-toothed wheel, which engages and drives 
a similar one on the second, and so on throughout the 
series. To the upper end of this axis is fixed an arm, 
or collar, from the circumference of which pass down 
iron rods, and to the lower ends of the latter a large 
wooden muller is screwed; this has externally the 
form of the interior of the iron pan, but internally it 
is turned out conically, or basin-shaped, to a centre 
hole, which admits of rather more than the passage of 
the central tubular part of the basin ; on the under 
side of this several projecting pieces are fitted, which 
nearly touch the bottom of the basin. 

The machine is thus used : Mercury is put into the 
outer basin, to the extent of about half an inch in 
depth, then the auriferous material (which in the lo- 
calities where these machines are employed is an 
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anriferoas iron pyrites) is made into a kind of rand 
with water, and allowed to flow into the first, or upper 
machine, by a spont being conducted into the centre 
cavity of the muUer ; passing down through the centre 
opening, it comes into contact with the mercury, and 
by rotation is well mixed up with it; the apparatus 
filling, it overflows and passes by the next spout into 
the second, where the same operation goes on ; and 
thus, in like manner, through all the set, all being 
charged first with mercury. Thus the particles of 
gold are dissolved in this mercury, and the operation 
is continued, bi^t still employing the same metal in 
each machine, until it has taken up about a third of 
its weight of gold, and begins to lose its fluid state. 
The mercury is then drawn off, and all excess squeezed 
away by pressing it through leather bags ; thus a semi- 
solid amalgam is obtained. 

This amalgam may be distilled in a precisely similar 
way to the silver amalgam described already ; and for 
this purpose a spherical iron retort separable at its cir- 
cumference is sometimes employed. After separating 
this, and introducing the amalgam into the lower half, 
the upper is put on, screwed, and the joint luted ; the 
whole is then mounted upon a coal or charcoal fire, and 
the distilled mercury carried from the upper part, by a 
pipe passing into a condenser containing water. 

The gold is thus left associated with the non- volatile 
alloys which existed with it in the quartz, and occa- 
sionally also with traces of retained mercury. It is 
now ready for melting into bars, during which opera- 
tion these traces of mercury may be driven off. 

The melting of the metal into bars is an operation 
which requires some skill and experience, more espe- 
cially where the material operated is gold dust obtained 
by mechanical washing. For this latter is often mixed 
with small quantities of foreign metals which would, by 
melting with the gold, much destroy some of its char- 
acteristic and valuable properties. Some of the finer 
qualities of Australian gold have often got portions of 
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tin and antimony mixed witb them, safficient to render 
some refining operation necessary before working, and 
which, by proper precantion in melting, may be got 
rid of without. In the melting-house the pots gener- 
ally used are of black-lead ware, for the molten metal 
is both dense and valuable, hence a fractured pot is a 
serious matter, and one which is sure to occasion more 
or less loss. These pots should be annealed before 
using, by turning them mouth downwards in the fire. 
The dust is then put into a copper scoop and from it 
poured into the pot ; the latter is then put into the fur- 
nace and heated up; this part of the operation should 
not be hurried, but the metal got into good circulation, 
and then carefully stirred with exposure to the air. 

If there is any expectation of such metals as those 
mentioned being present, a little nitre may be added 
as a flux for their oxidation. Borax, too, is generally 
added, and, after all, a little bone-ash to cleanse the 
surface. Lastly, the metal, being well fluid, is to be 
poured into a greased ingot-mould. 

Hitherto we have considered gold as found either in 
dust or associated with quartz ; but there are sources 
of the metal in poor ores, wherein it is associated with 
silver, with tellurium, and even in yet smaller propor- 
tion with the sulphides of lead, iron, and copper. Now 
any of these may be worked profitably by a plan 
already described as applicable to poor silver ores, 
namely, by fusion with lead or litharge, or even with 
sulphide of lead, and thus an alloy of gold and lead, 
with any silver present, is formed. This mixture 
would then be ready for cupellation, whereby an alloy 
of gold and silver would be obtained. 

It has been already stated that some old gold-mines 
in Silesia had of late been reopened, and worked with 
a profit. This has been done by a very clever process, 
devised by Plattner, and described by him in the Ju- 
rors' Beport of the Great Exhibition of 1851. It is 
thus practised : The ore, which is a bisulphide of iron, 
containing also some arsenic, and about 200 grains of 
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gold in the ton, is first heated in a reverberatory fur- 
nace. The arsenic is thus driven off, and condensed 
in a proper chamber as arsenious acid. The residue 
is removed, and put into a vessel, where a current of 
chlorine gas can be passed through all. Thus the iron 
and gold are both taken up in the state of chlorides. 

The mass is now treated with water, which dissolves 
these out, and through this solution hydrosulphuric 
acid is passed, which precipitates the gold, the precipi- 
tation of any of the iron being prevented by the addi- 
tion of a small quantity of hydrochloric acid. 

A quantity of ^sulphur is sure to precipitate, by the 
decomposition of some of the gas ; but, on separating 
the sulphide of gold and heating it, all sulphur is 
driven off. « 

The gold obtained by any of the means already de- 
scribed always contains more or less silver, as also, at 
times, copper, traces of iron, and other metals. Hence, 
for some purposes it is subjected to an operation called 
'* refining,'* which term is usually applied to a wet ope- 
ration, wherein acid is employed as a separator. But, 
before passing to this, the American process of cementa- 
tion may be described, as an example of dry methods 
of parting. 

The alloy of gold and silver is granulated, and a 
portion, of an inch or so in depth, is put into a cruci- 
ble ; upon this a layer of cement, formed of one part 
of chloride of sodium mixed with two parts of brick- 
dust, then another layer of the mixed metals, and so 
on alternately, until the crucible is full. The pots are 
then covered, placed in a wood fire, heated to dull 
redness, and kept at this for 24 hours. Under the 
conjoined influence of watery vapor, furnished by the 
wood, which passes into the mixture through the 
pores of the crucible, and the silica of the brick-dust, 
the chloride of sodium is decomposed. Its sodium 
derives oxygen from the decomposition of the water, 
and soda is formed ; this* combines with silica, forming 
silicate of soda. The liberated chlorine of the salt, 
18 
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with the hydrogen of the water, forms hydrochloric 
acid, which, at the temperature employed, fornishes 
chlorine to the silver, to form a chloride of silver; this 
fuses, and is absorbed by the brick-dust, so as to allow 
of fresh action upon the metal, until in this way the 
gold subsides to the bottom, having lost nearly all the 
silver it was alloyed with. 

But the wet refining, or parting operation, is by far 
the most advantageous process, and is therefore the 
chief means emploved here, and also on the Continent. 
This is performed by acting upon the granulated alloy, 
either by nitric or by sulphuric acid. 

The refiner, in the purchase of metal for his opera- 
tions, endeavors to obtain gold containing as much 
silver as possible; and as this requires fusion with 
silver for the carrying out of the operation, it is, of 
course, an object to employ silver which contains small 
portions of gold, and thus, as it may be said, to carry 
on a double refining operation at once. As the actual 
separation of the two is effected by boiling the mixture 
in an acid, which, while it is a ready solvent for other 
metals, is yet inactive upon the gold, it may be said, 
why not at once treat the silvery gold with acid, with- 
out such alloying? This would be quite useless, for 
the foreign metals being in so small a relative propor- 
tion; the acid would only remove the alloy at or near 
the surface, the metal being sufficiently close in texture 
to mask all the rest from the action of the acid. The 
refiner, then, as a first step, has rough assays, made of 
the relative quantities of gold and silver in his two 
metals/ after which he makes a mixture of them in 
the proportion of two parts of silver to one of gold, or 
at times as dilute as three of the former to one of the 
latter. Hence the term "quartation" used to be ap- 
plied to this mixing. These proportions are fused 
together in black-lead crucibles, well mixed, and then 
poured out into a tank of cold water, so as to granu- 
late the metal. It is then ready for the acid. 

Formerly the boiling in acid was effected in glass 



GOLD. 207 

mattresses, bat as mach loss was at times experieooed 
from their Fracture, as soon as the manafacture of 
platinum was effected, it was brought into use for these 
operations; and although a moderate-sized digester will 
oost somewhere about 10002., the expense is quite coun- 
terbalanced by their saving in working. 

The granulated alloy is now put into the digesters, 
which are furnished generally with long stoneware con- 
densing pipes, the latter being carried out at the top of 
the laboratory in which the operation is practised, so 
as to allow of the escape of any uncondensed fumes into 
the outer air. To each pound of metal is added a 
pound and a quarter of nitric acid, of about 1.32 specific 
gravity. This latter must be pure, and quite free from 
any hydrochloric acid, for, as the proper solvent for 
gold is a mixture of nitric and hydrochloric acids, of 
course such an impurity would tend to loss of gold. 
The parting acid is, therefore, always examined with 
a little nitrate of silver, and, if this cause cloudiness, 
it is in that state unfit for parting with. 

The acid and alloy then having been introduced into 
the apparatus, the joints are luted or made fast, and 
heat applied, cautiously at first, then, as the silver be- 
comes dissolved out, the heat may be raised, for if this 
were too great at first, the action would be most violent, 
as the materials themselves generate much heat during 
the first solution of so large a mass of silver. 

When action is ceasing, the liquid contents of the 
digester are removed, and fresh acid put on ; a second 
boiling then serves to render the gold as fine as it can 
be made by these means. It is, therefore, removed 
after this, washed, and the solution of nitrate of dilver 
set aside for reduction. This is best done by precipi- 
tation as chloride and the iron process; but in refineries 
it is very commonly reduced by plunging in plates of 
copper, which precipitate the silver at once,- a nitrate 
of copper being formed, which is then sold as '^ blue 
liquor." 

The use of sulphuric acid for the operation is pre- 
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ferred at many refineries, particularly on the Continent. 
It is more economical, for not only is the acid itself 
much cheaper, but the resulting gold is more thoroughly 
freed from silver; indeed, it is said that gold which 
has been refined by nitric acid may subsequently have 
more silver separated from it by the sulphuric acid 
process. In operating the metals are so mixed as that 
the gold amounts, at most, to not quite half the weight 
of the silver. Pettenkofer, who has well studied this 
operation, says that 1.75 part of silver is the smallest 
working proportion of the latter metal ; but in order 
that the mixture may be most fully acted upon it 
should not contain much more than twenty per cent, 
of gold ; and if it contain copper (which in small pro- 
portion facilitates the operation) this should be under 
ten per cent., for if too much copper be present, a large 
quantity of sulphate of copper will be formed, which 
latter is insoluble in the strong acid liquors. 

But although the above proportions are given as the 
working quantities in large refining operations, the 
process may be carried on upon silver containing very 
small quantities of gold. Thus, in France, it was found 
very profitable to separate the gold from old five-franc 
pieces, which contained only one to two thousandths 
of gold, and the French state that silver containing 
only half a thousandth may be very profitably refined. 

The alloy having been granulated, is introduced into 
a digester, with about two and a half times its weight 
of concentrated sulphuric acid. This is now boiled, 
during which strong action is evidenced by copious 
disengagement of sulphurous acid, while the silver and 
copper are simultaneously converted into sulphates. 
This first boiling is continued as long as sulphurous 
acid is evolved, which will commonly go on for about 
four hours. The liquor is then removed, and a smaller 
quantity of acid agaip put on, the boiling being further 
carried on for a short time; after which the digester is 
allowed to remain at rest, in order that the gold may 
subside. Sometimes it may be requisite to use even a 
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third acid. Bepeated washing of the gold with boil- 
ing water is dow necessary, for salpbate of silver is a 
very insoluble salt, and sulphate of copper, when con- 
tained in so acid a menstruum, is also somewhat so. 
Hence, without such washing, the gold would be liable 
to be contaminated with the very alloys separated by 
the process. And again, the dilution effected in the 
silver solution, and consequently in the copper, during 
reduction of the silver is advantageous, as this reduc- 
tion progresses very slowly if the sulphate of copper 
formed be very concentrated ; indeed, where such is 
the case, there is a tendency to reoxidation of the 
newly-precipitated silver. 

There are certain metals, as lead and tin, which re- 
quire to be separated before employing these parting 
operations. This is to be done, in the case of the first^ 
by cupelling the alloy, and in the second, by fusing it 
with nitre; otherwise the platinum digesters would be 
injured by their presence. n 

Such are the principles of the methods of refining 
by acid, the actual practice being slightly modified in 
different refineries. As to the results, it may be stated 
that operating in both cases upon large quantities, the 
nitric acid process will afford gold of 993 up at times 
to 997 parts in the 1000, while sulphuric acid will re- 
fine up to 998, and rising from that to 998, and very 
frequently to 999 thousandths. 

It will be seen, then, that these processes do not 
yield perfectly fine gold, and it can only be obtained 
in perfect purity by dissolving the gold itself, separat- 
ing other metals, and precipitating the pure gold again 
in the state of metal. 

The best material to operate on is ordinary refined 
gold. This is to be dissolved in aqua regia, or acid 
composed of two volumes of hydrochloric, with one 
volume of nitric acid. The action of this upon the 
metal will be tolerably energetic; hence at first it is 
unnecessary to apply heat, but, as the action slackens, 
a moderate heat may be used. Each ounce of gold will 

18* 
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require abont three and a half ounces of mixed acid 
for its solntion. When dissolved, it will be found that 
the silver has all been converted ino chloride by the 
hydrochloric acid, and the greater part of this remains 
as an insoluble residue, although a portion will be 
held in solution by the strongly acid liquor. The 
solution is now to be poured into a porcelain basin, 
leaving the chloride of silver in the flask, and the ba- 
sin heated, so as to evaporate the solution. When 
about one-third is evaporated, more chloride of silver 
will be found to have separated by the heat. It is 
well, therefore, to transfer the solution at this stage 
from this into a fresh basin, and evaporate as before. 
As the bulk reduces, small quantities of hydrochloric 
acid are to be added from time to time, which have the 
effect of liberating nitrous acid, by decomposing the 
nitric remaining in the liquid; and these additions 
must be very cautiously made, for the action produced 
is very energetic, and, without due precaution, consider- 
able portions of the now rich liquid will be spirted out 
of the basin. When the liquid has become of a deep 
ruby color, and of the consistence of thick syrup, it is 
to be withdrawn from the heat, and allowed to rest for 
a time, when the whole of the chloride of gold will 
crystallize, forming a mass of prismatic crystals. A 
pound or so of distilled water is now to be acidulated 
by a few drops of hydrochloric acid, and the mass dis- 
solved in this ; and it is better to allow this solution 
to stand a day or so, for chloride of silver, although 
soluble in a strong acid solution, is separated by this 
dilution, and, by allowing this rest, it will therefore 
completely subside in the vessel ;^but the solution re- 
quires filtering, when it will pass as a brilliantly clear 
yellow liquid, and is then in a fit state for precipitation. 
As gold is one of those metals which, as a base, 
combines with very feeble affinities, it is consequently 
not only very easily separated, but the physical condi- 
tion of the precipitated metal may be much modified 
and controlled by the nature of the precipitant, as also 
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by the mode of operating. Thus gold may be thrown 
down in powder, in scales, in more or less of a crystal- 
line state, in tolerably compact sheet or foil, or, lastly, 
in a spongy condition. And these states may be at- 
tained with somewhat of certainty, although the cir- 
cumstances determining the more compact forms are 
hardly yet well understood. The chief precipitants 
will therefore be enumerated here, and the characters 
of their result given where it is well ascertained. 

First. Spontaneous precipitation may take place in 
a vessel of terchloride of gold, when exposed to the 
air; and thus the sides of a containing vessel will 
slowly become covered with a deposit, probably due to 
the action of the nitrogen of the air. Thus Basseyre 
formed a dilute solution of terchloride, and kept it in 
the shade for three years, when a large quantity of the' 
gold was found to have deposited in delicate spangles. 
Second. Many elementary substances will precipitate 
gold from the terchloride. Thus sulphur or selenium, 
if immersed in a hot solution, becomes penetrated by 
films of gold. This effect does not occur if the solution 
is not heated. A stick of phosphorus, similarly placed 
in it, will speedily be coated with a film of metallic 
gold. Third. Most of the lower metals, as also mer- 
cury, silver; palladium, and platinum, reduce it, some 
in a shining metallic state, others as a reddish-brown 
powder. As examples, bismuth produces a metallic 
precipitate, and copper a pulverulent one. Fourth. 
Some metallic salts throw it down. Thus, terchloride 
of antimony will throw down gold as a dull powder ; 
but, when the solution of the metal is very concen- 
trated, it falls in an arborescent form, but it may in the 
former state be contaminated with antiroonic acid, as 
salts of antimony are decomposed in the presence of 
water. Protonitrate of mercury throws down gold in 
a very finely-divided state, and hence in the form of a 
dark blue powder. Fifth. Many organic bodies readily 
precipitate gold from the terchloride. Thus sugar 
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boiled in it gives at first a ligbt red precipitate, which 
afterwards darkens in color. 

Gallic acid, when added to a dilute acid solution, 
throws it down as a yellow precipitate, which after- 
wards soon becomes brown. 

Tartrate, citrate, or acetate of potassa, will each pre- 
cipitate it; and tartrate of soda, which does not act 
upon a cold solution, will precipitate the gold suddenly, 
when heated. But the action of the salts of these 
vegetable acids will be retarded, if not prevented, by 
the presence of hydrochloric acid in excess. 

The above are instanced as examples of the many 
classes of bodies which will precipitate the metal, and 
now the action of the three best precipitants may be 
described ; these three are sulphurous acid, protosul- 
phate of iron, and oxalic acid. 

li^ then, to the filtered liquid obtained by the solu- 
tion of the cake of terchloride of gold, a small quantity 
of potash be added, and then an excess of sulphurous 
acid, precipitation will immediately commence, and 
ultimately the whole of the gold be thrown down in 
a scaly metallic powder. The action of this precipi- 
tant is very simple, and may thus be expressed in 
symbol, AuOl3H-8HO-f-8S03-8H01+8S03,+Au, in 
which formula it will be seen that three equivalents 
of water are decomposed, its oxygen passing to the 
three of sulphurous acid converts them into sulphuric; 
while its hydrogen taking the three of chlorine of 
the terchloride of gold to form hydrochloric acid, 
the gold is set free. 

Second. A solution of protosulphate of iron in slight 
excess may be employed in a similar way. The gold 
is, in this case, precipitated as a dark-brown powder, 
the solution is to be poured off this after subsidence, 
and the precipitate to be washed first in a little dilute 
hydrochloric acid, and subsequently with pure water 
and dried. The reaction is expressed by this equation: 
AUCI3+ 6FeO,S03= 2Fe,038S03 + ¥efi\^ + Au. 

The protosalt of iron employed is one which itself 
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baa a strong tendency to peroxidation ; bence it readily 
parts with two equivalents of its iron, which, taking 
the chlorine of the gold salt, forms with it sesquichloride 
of iron, setting the gold free at the same time ; while 
the elements remaining to the iron sulphate are just 
those which constitute two equivalents of persulphate 
of iron. 

Third. Oxalic acid is an excellent precipitant, and 
will afibrd gold of several textures, from a spongy 
mass up to a crystalline leafy precipitate or formation. 
A slight excess is here also to be employed, and the 
mixture of terchloride and acid to be slightly heated 
(indeed, all these precipitants are much assisted by 
heat, but with oxalic acid heat is essential). Soon 
after its addition copious evolution of bubbles of gas 
takes place, and at the same time- the body of the liquid 
appears filled with most delicate spangles of metallic 
gold, which become coherent, and under varied circum- 
stances may take any one of the forms just mentioned. 
The following equation will show the change: 2Au 
CI3+ 3(2HO,C,0«)=. 6HC1 + 1200,+ 2 Au. 

Here the crystallized oxalic acid is composed as 
represented of 0^0^, but intimately combined with 
two equivalents of water. Hence two equivalents of 
terchloride of gold and three of oxalic acid mutually 
decompose each other: the hydrogen of the water, 
taking the chlorine of the gold, the latter falls, and 
six equivalents of hydrochloric acid are formed, while 
at the same time the oxygen of the water, taking the 
remaining elements of the oxalic acid, converts them 
into twelve equivalents of carbonic acid, which gas 
escapes as action progresses. 

The action of this precipitant being gradual, and 
capable of much regulation, by the amount and nature 
of the heat employed ; while it is also peculiar in being 
attended throughout by this evolution of gas-bubbles 
which rise quickly through the solution, there is pro- 
duced from the former cause a tendency in a metal to 
deposit in a crystalline or crystallo-granular state; while 
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from tbe latter a more or less spongy cbaracter is given 
to it : henoe it will readily be seen tbat, inasmuch as 
we are able to modify these conditions, so we can in 
the same degree influence the nature of tbe result. 

Gold has a perfectly characteristic color, a nnost beau- 
tiful yellow inclining to orange, and is susceptible of 
very high polish. Its specific gravity ranges from 19.2 
to 19.6 according to its state. Pulverulent gold, or 
any of the forms of precipitated gold, are capable of 
being welded together, even when cold, by simple pres- 
sure; but this pressure requires to be exercised moder- 
ately at first, and then gradually increased, in order to 
get solidity, otherwise a solid skin will be formed 
over the interior metal which remains somewhat dis- 
integrated. 

The author is in the habit of welding considerable 
quantities of gold precipitated by oxalic acid, but this 
is done in compact solid masses, by heating them to 
dull redness in a platinum crucible, and hammering. 
The cakes of metal so made have all the texture of 
fused gold. Gold is exceedingly ductile and tenacious, 
so that it may be drawn into very fine wire (one grain 
of metal drawing into 600 feet of wire); these qualities 
may be assisted by its softness, for when pure it cuts 
like wax, exhibiting similar tenacity in cutting. 

Of all metals it is the most malleable, and this pro- 
perty has been turned to account from the earliest 
knowledge of the metal. Thus, a grain of gold may 
be extended over a surface seven and a half inches 
square, and leaves of gold have been beaten to the 
280,000th of an inch in thickness. In these (or thinner 
sheets) its transparency is well seen, when it will be 
found to transmit green rays. Faraday took a very 
thin film and spread it upon a piece of glass, then in- 
troducing between the glass and the gold a few drops 
of cyanide of potassium in solution as a "cushion" for 
the metal, he spread it out, and by solution ^'more 
attenuated it." In this state it reflected yellow light 
as ordinary metal, and on looking through it, it trans- 
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mitted green, but on heating to about tbe temperature 
of boiling oil^ viz., to about 600°, it lost its reflective 
power and green color, and became translucent. When 
pressure was applied to such decolored gold, by press* 
iDg with a hard body, a convex piece of rock crystal, 
for example, the ^een color of the transmuted ray re* 
appears. {Phil Trans., 1867.) 

The precipitation of gold from its chloride by means 
of phosphorus has already been mentioned, and by 
this means Mr. Faraday formed some exceedingly 
attenuated films. He dissolved the perchloride equiva- 
lent to one grain and a half of metal in about fifty 
ounces of water, and then floated a few small particles 
of phosphorus upon the surface, using a perfectly clean 
glass vessel. Thus the gold was reduced, and covered 
the surface with a continuous film decreasing from the 
points of action (viz., the phosphorus), until so thin as 
to be scarcely visible either by transmitted or reflected 
light. The reflection from the thick parts was that of 
ordinary gold, although the films are porous. The 
color of the transmitted light was gray, green, or dull 
violet, changing on heating to amethyst and ruby, and 
assuming the peculiar green on the least touch with a 
card or the finger. A good method of observing the 
transparency of gold has been described already (p. 29). 

Gold may be artificially crystallized. If a small 
button of gold be fused, and then very slowly cooled, 
and subsequently treated with a very small quantity 
of aqua regia, solution will be commenced ; but when 
the acid, by becoming converted into chloride of gold, 
is nearly expended, its power of solution becomes so 
feeble tnat it acts upon the mass of metal only in cer- 
tain directions or lines, determined by the actual crys- 
talline state of the metal below the surface. Thus the 
author has dissected out groups of octohedra from such 
a button. 

Gold is insoluble in the three ordinary mineral acids 
singly. Its proper solvent is chlorine, and in dissolv- 
ing in nitro-hydrochloric acid, solution is effected by 
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means of the chlorine liberated from the hydrochloric 
acid, by agency of the nitric. 

Its fusing point is 2016^, and it is doubtful if it is at 
all volatile per «e, but if gold be alloyed with copper, 
it has been shown by Napier {Quarterly Journal^ Chem. 
Soc, 1867) to be considerably volatilized, so that quan- 
tities, amounting to four and a half grains, could be 
collected during the pouring out of thirty pounds' 
weight from a crucible. In regard to the loss of pure 
gold described by the same author, the metal he em- 
ployed was assayed cornets, which will hereafter be 
shown to contain silver in notable proportion ; hence 
the losses noted by him may have been due to this 
silver. The author has also shown (in a paper read 
at the Chemical Society, and published in the Journal 
for 1860) that mixtures of gold, silver, and lead, when 
cupelled together, volatilize considerably, and thus he 
collected considerable quantities of each metal from 
the chimney of an assay furnace, after a few weeks' 
use only. Lastly, gold is an excellent .conductor of 
heat, as also of electricity. Its equivalent is 196.71. 
Symbol, Au. 

Gompounds of Gold. Oxides. — Gold has a very feeble 
affinity for oxygen, so that, although when ignited in 
oxygen gas it is dissipated in the form of a purple 
powder, this powder is merely finely-divided gold, and 
not an oxide. 

The protoxide is formed by treating protochloride 
of gold with a dilute solution of potassa; but the 
potassa must not be in excess, or the precipitate it pro- 
duces will be redissolved; also by precipitating aque- 
ous terchloride of gold with a solution of subnitrate of 
mercury, this latter must also be somewhat minus, or 
calomel would be precipitated ; it falls as a dark-green 
powder, permanent at ordinary temperatures. Diges- 
tion in caustic potass converts it into a mixture of 
peroxide and metallic gold. Hydrochloric acid will 
convert it into metallic gold and terchloride. It does 
not combine directly with acids. From its ready sus- 



GOLD. 217 

pension in water it passes tbe pores of a filter, but the 
addition of a small quantity of acetate of potassa and 
boiling will precipitate it. Composition, AuO; equiva- 
lent, 204.71. 

TeroQcide of Chid. — A terchloride is prepared free from 
any excess of hydrocbloric acid ; this is then heated 
with an excess of magnesia, or of oxide of zino, either 
of which throws down nearly all tbe gold as oxide, but 
as it is more or less contaminated by the precipitant, 
it requires digestion in dilute nitric acid, which will 
dissolve any excess of the latter, leaving the oxide of 
gold unchanged. If the acid be strong, some gold will 
be taken up, but the addition of water will reprecipitate 
it. In the former case the oxide is yellow, and contains 
water; where, however, a strong acid is employed to 
cleanse it, it is brown and anhydrous. 

Oberkampf advises the use of potassa for the prepa- 
ration of this oxide; and accordingly, to a hot, neutral 
solution of terchloride, he adds an excess of potassa, 
bat teroxido of gold combines with alkalies, acting witt^ 
them the part of an acid, and forming a class of salts 
called aurates. Hence, although this method is com- 
monly mentioned as a good one, it is one in which 
there is but little product afforded dependent upon this 
cause. 

The hydrated oxide, when heated to 212^, will 
become anhydrous; and if the heat be carried up to 
about 480^, the oxygen is driven off and metallic gold 
left. It is soluble in strong sulphuric acid, but sepa- 
rates unchanged (as with nitric) on the addition of 
water. In hydrochloric acid it is converted into ter- 
chloride, and the action of hydriodic, or hydrobromic 
acids, is the same, the results being teriodide, or ter- 
bromide of gold. If digested in ammonia it is con- 
verted into a deep olive-colored compound, which is 
fulminating gold. Composition, AuO,; equivalent, 
220.71. 

Protochloride of gold is obtained by heating the 
crystallized terchloride in a porcelain basin to about 
19 
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400^ F. This must be done in a sand-bath, and the 
moss be kept constantly, stirred. A yellowish white 
mass is thas obtained, which if the heat were carried 
higher would be resolved into metallic gold and chlo- 
rine gas ; boiling water will convert it into terchloride 
and metallic gold. It is sparingly soluble in cold 
water. Composition, AuCl ; equivalent, 282.21. 

Terchloride of gold is probably the most important 
binary compound, being the source whence other pre* 
parations of gold are obtained. It is made by heating 
gold in nitro-hydrochloric acid (as already described 
at p. 210). We add to each equivalent of gold 1 equiv- 
alent of nitric, and 3 of hydrochloric acid. The evap- 
orating temperature should be about 280® ; if it far 
exceed that, portions of protochloride will be formed. 
The crystals usually obtained mass together, and are 
very deliquescent ; they are ruby red in color: but if 
the ordinary solution be made, and care used to insure 
excess of gold and hydrochloric acid, the nitric will be 
all decomposed, and from such a solution long yellow 
four-sided prisms and truncated octohedra may be ob- 
tained. These are very deliquescent, but not so soluble 
as the ordinary terchloride ; they give a reddish-yellow 
solution, which is immediately rendered paler by the 
addition of hydrochloric acid. Berzelius says, that a 
perfectly normal solution of the terchloride containing 
no free acid can only be obtained by boiling the pro- 
tochloride in water. Thus, after getting a cake of 
terchloride it must be heated to 400®, and then dis- 
solved in water and filtered, but even then the solution 
will redden litmus. Composition, AuGl, ; equivalent, 
803.21. 

There are iodides corresponding to these chlorides, 
and formed by adding iodide of potassium to protochlo- 
ride or to terchloride of gold. In the first case a yel- 
lowish crystalline powderwill be thrown down a prot- 
iodide ; in the second, a dark green precipitate of ter- 
iodide of gold. 

Protosulphide of gold is formed if a boiling solution 
/ 
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of tercliloride be made, and bydrosulphario acid be 
passed through it. Thus a black powder is thrown 
down, composed of an equivalent of gold with one of 
sulphur. 

The compound usually described as a tersulphide of 
gold, and formed by adding hydrosulphuric acid to a 
soluble compound of gold, is stated by Levol to be a 
compound of ter with protosulphide, and hence is vir- 
tually a bisulphide; it is a brownish black powder. 
The same thing is thrown down on adding the sul- 
phides of ammonium, or of potassium, to a cold solu- 
tion of gold, but the precipitate is soluble in excess of 
an alkaline sulphide, a sulphur salt of the gold being 
formed, containing the alkaline sulphide as a base, 
united with sulphide of gold as an acid. 

Bisulphide of gold is resolved into metallic gold, 
the sulphur being driven off at a dull red heat; or if 
the precipitate be left a few days in the solution whence 
it has been thrown down, its sulphur by oxidation be- 
comes sulphuric acid, and the gold is set free. 

There is a somewhat' curious compound of gold and 
tin, known as the purple of Cassius, which is much 
used as a coloring material. With porcelain it will 
afford various shades, from flesh-color to deep red. 
Indeed, the ruby tint of Bohemian glass is due to this 
body. It has been supposed to be a mixture of metal- 
lic gold with hydrated peroxide of tin, but it is, as 
Berzelius assumes, more probably a double stannate 
of the oxides of gold and tin, with water. It may be 
made by mixing 1 part of gold with 25 of tin, and 600 
of silver (or zinc), and subsequently oxidizing this 
alloy by means of dilute nitric acid, which will dis- 
solve out all but the compound sought. 

But the best method consists in acting upon a solu- 
tion of chloride of gold by a mixture of proto and 
perchloride of tin ; the conditions required to produce 
the best result being that the gold solution be as neu- 
tral as possible, and that the proto and perchloride of 
tin be proportioned very carefully (by experiment at 
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the time of making the compound), so that, in truth, 
a sesquichloride may be formed, a step requiring some 
precaution, for the proto and perchlorides of tio, as 
usually made, are somewhat uncertain in their compo- 
sition. 

The following formula yields an excellent result: 
To ordinary dilute solution of sesquichloride of iron, 
that is, such as would be of a color resembling sherry 
wine, add solution of protochloride of tin until the 
former lo^ its yellow color, and becomes green. This 
is an evidence that it has parted with the quantity of 
chlorine sufficient to convert the protochloride of tin 
into sesquichloride; the iron salt becoming a proto- 
chloride. This solution is then to be diluted with its 
own bulk of water. Next a solution of terchloride of 
gold having been prepared, as neutral as possible, and 
in the proportion of 1 part of gold in 860 of water, 
the tin salt is added, with constant stirring as long as 
any precipitate is produced. This latter is to be 
washed as quickly as possible by decantation, and 
dried at a gentle heat. The iron salt does not affect 
the result. 

Buisson has published a very good method, as fol- 
lows : A neutral solution is made of one part of tin 
in nitric acid; this is his first solution. Two parts of 
tin are then dissolved in cold nitro-hydrochloric acid, 
formed by mixing one part of hydrochloric with three 
parts of nitric acid ; a little heat may be cautiously 
applied towards the end of the solution, so as to insure 
no protoxide of tin remaining in the solution, and thus 
it will not precipitate the gold solution. This is called 
No. 2 solution. 

Next, an acid of six parts of hydrochloric to one of 
nitric is made, and in this seven parts of gold are dis- 
solved, and the solution at once thrown into 8600 parts 
of water ; the whole of the solution No. 2 is then added 
to the solution of gold, and subsequently No. 1 dropped 
in also, but by degrees, ceasing directly the right color 
is arrived at. If too little of No. 1 be used, the color 
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will be violet ; if too much, it will be brown. If the 
precipitate does not settle at once, BuisMon advises the 
whole to be poured into a vessel of water, in such a 
way as that they mix very gradually. When the 
powder has completely separated, it is to be washed 
very quickly and dried. 

As a proof of the uncertain composition of the pur- 
ple of Cassius it may be stated that published analyses 
range between 24 of gold to 76 of tin, and 78 of gold 
to 20 of tin. 

. In the moist state it is a reddish-purple powder, 
passing through various shades to brown, according 
to its preparation. When dry it always appears brown. 
It is soluble, while yet moist, in ammonia, affording a 
liquid of a purple red, and very intense in color. From 
this solution it is again precipitated by acids, and it 
may also be recovered from its solution in ammonia, 
by simple evaporation. Hydrochloric acid has no 
action upon it, but boiling nitric, or sulphuric acid, 
brightens its color, and dissolves out oxide of tin. 

AlIot/8. — Gold and mercury combine at any tempera- 
ture, but for the speedy formation of an amalgam, the 
gold may be heated, and thrown into the mercury, also 
slightly heated ; but, if the gold be in a state of more 
or less fine division, it is soluble in mercury when cold. 
Gmelin states that an amalgam of 6 of mercury to 1 
of gold crystallizes in four-sided prisms, and that the 
mercury may be distilled off from this, leaving the 
gold in an arborescent form. A bar of gold placed in 
mercury will become covered with small crystals, after 
about a month's immersion, the mercury penetrating 
the texture of the gold without destroying its mallea- 
bility. 

The practice of "water-gilding," which was gene- 
rally used before the process of electro-gilding was 
known, depended entirely upon the capability of amal- 
gamating gold with mercury. The article to be gilt 
was covered with such an amalgam, the mercury then 
driven off by heat, and the gold finally burnished on, 

19* 
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The operation was this. Six parts of mercury were 
heated with one of gold, and the resulting amalgam 
squeezed, so as to separate superfluous mercury. Thus 
nearly four of the six parts of mercury will be squeezed 
out, and a mass of the consistence of butter left The 
object to be gilt is rubbed over with a solution of sub- 
nitrate of mercury ; thus it becomes covered with a 
superficial layer of that metal. And now the amalgam 
is applied, and will at once attach itself to the mercu- 
rial surface. It is then washed, and gently heated 
over some burning charcoal, and the amalgam kept 
uniformly brushed over the surface by means of a soft 
brush. The heat is then kept up, until the surface 
assumes a dull yellow color, when it is removed, and 
polished by a wheel brush, kept moist by dilute vine- 
gar. A mixture of beeswax and verdigris is then 
applied; the latter, having an affinity for mercury, re- 
moves any which is still left on. Lastly, the article is 
burnished, washed with dilute nitric acid, and after- 
wards with water, and dried. The whole operation 
was, however, most noxious to the health of those who 
practised it; hence electro -gilding has almost super- 
seded it. 

Gold and silver unite in any proportion, affording 
alloys of all tints of color between silver and gold, such 
being white, greenish-white, green, greenish-yellow, up 
to the orange-yellow of gold. By this allov the hard- 
ness of gold is somewhat increased, without at all 
diminishing its malleability. It is rendered rather 
more fusible. Scarcely any gold is found in nature 
without silver, and, on the other hand, no silver is 
entirely free from traces of gold, unless refined with 
extraordinary care. 

Gold and copper form a reddish alloy, very much 
harder than either of the constituents, the maximum 
hardness being exhibited by an alloy of seven parts of 
gold with one of copper. If the copper be pure, the 
malleability of the gold is not much destroyed ; but 
the least trace of antimony, arsenic, or lead, associated 
with the copper, will render the alloy completely brittle. 
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Gold, for purposes of coinage, would, if pure, be too 
soft to stand the hard wear to which coin is subject ; 
hence it is always alloyed, either with a mixture of silver 
and copper, or with copper alone. This is the case 
-with all gold articles required to maintain their shape. 
Thus dental plate work, if made in fine gold, would be 
liable to lose its shape, and become useless. 

The best alloy for coinage purposes is equal parts of 
copper and silver. This was the alloy of the old Eng- 
lish guinea, a coin famous for resisting hard wear, and 
possessing at the same time an excellent color. Our 
present coin is made regardless of the nature of the 
alloy, as they are now without the means of carrying 
on refining operations at the Mint; hence in a dozen 
sovereigns a practised eye can detect nearly as many 
shades of color, dependent up)on the amount of silver 
contained in the gold before alloying, having rendered 
more or less copper necessary. In the American coin 
the alloy is chiefly copper ; hence the coins are of a red 
tint, and very hard. 

For the discrimination of gold contained in com- 
pounds, three of the reagents already mentioned as 
precipitating terchloride of gold may be used. Thus 
protosulphate of iron is a most delicate test, producing 
a beautiful blue tint, even in exceedingly weak solu- 
tions. But the characteristic test is protochloride of 
tin ; and thus a gold salt, containing only ^^th of a 
grain of gold, dissolved in half a pint of water, will, 
with a few drops of this reagent, give a pale brown 
precipitate ; this is deeper as the solution is stronger, 
becoming deep brown where the same quantity is 
dissolveain about 100 grains. 

Subnitrate of mercury gives a brown precipitate. 

Lastly, if the compound be a solid, heating will 
reduce it, and metallic gold will be left. 

For the estimation of gold quantitatively, oxalic acid 
may be used to a solution containing a little excess of 
hydrochloric acid. The precipitated gold will, how- 
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ever, be some time in completely separating (not less 
than twenty-four hours), and the solution will require 
to be well heated. When all is precipitated, the gold 
must be collected, washed, and ignited at a low red 
heat, before weighing. By this any oxalic acid will 
be volatilized, supposing any be previously retained. 

Protosulphate of iron may also be employed, and 
will precipitate gold alone from all metals of our 
second class. The precipitate here requires washing 
with a little dilute hydrochloric acid, and gently ignit- 
ing as in the former case before weighing. 

Although somewhat in advance of the subject, the 
analysis of a portion of alloyed gold may be here con- 
sidered, premising that the relative proportions of 
gold, silver, and copper, only, are desired to be known. 
The alloy would be dissolved as usual, separated from 
chloride of silver, then evaporated, dissolved, and 
diluted. Thus the rest of the chloride of silver would 
be precipitated, and may be collected on a filter, with 
the portion lefl from the acid solution. This filter 
roust be very thoroughly and quickly washed with 
water acidulated with a little nitro-hydrochloric acid, 
and subsequently with hot water, or it is apt to retain 
notable quantities of gold. The silver is weighed and 
calculated as already described. Next throw down 
the gold quickly by oxalic acid, and heating. When 
all is down, heat' the collected gold to redness in a 
platina capsule — this decomposes any other oxalates 
formed ; after this the gold is to be boiled in hydro- 
chloric acid, which dissolves any copper out, and if 
traces of iron, lead, or antimony be present, these will 
also be so removed. 

The remaining solution may now have some ammo* 
nia added to it; this will retain the copper in solution 
while it precipitates other metals. These latter are to 
be filtered away, and the clear blue liquid treated with 
caustic potash, and boiled ; the oxide of copper pre- 
cipitated is to be filtered out, washed, dried, and the 
filter carefully burned after the separation of the pre- 
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cipitate, lest any oxide should be reduced to suboxide. 
The precipitate is lastly ignited and weighed. 

Before treating of the actual assay of a specimen of 
alloyed gold, it will be well to examine the methods 
by which assays may be made of ores, quartz, &c., 
containing gold, as such latter must, in fact, be carried 
out, preliminary to the cupelling and parting opera- 
tions used upon alloys. 

Many sucn matters may be treated precisely in the 
way described for silver; thus, they may be fused with 
litharge in a crucible, or they may be treated with 
lead, and scorified. In either case the button resulting 
is subsequently worked in the usual way. 

In order to exemplify the manipulation, a couple of 
examples may be given of the best methods. Suppose 
it be desired to estimate the amount of gold in a spe- 
cimen of quartz. In order to facilitate powdering, it 
may first be heated to redness, and plunged in a basin 
of cold water. This splits it into such small fragments 
as to render powdering easy in an ordinary mortar. 
From the powder two specimens may be weighed, of 
800 grains each (more or less being taken according 
to presupposed richness). Litharge, equal in weight 
to the sample, half the weight of dried carbonate of 
soda, and rather more than half of powdered charcoal, 
are next mixed with the ore, and the whole put into a 
black-lead crucible of such capacity as to be about 
half filled by it ; a little borax is next sprinkled over 
all, and it is ready for the furnace. 

It may be mentioned that the above are average 
proportions, which may be varied according to the 
presumed quality of the specimen. 

The crucible is next heated in a Sefstrom's furnace 
(or Grifiin's gas furnace may be employed), the heat 
-being steadily raised, for, if too great at firs^ the efier- 
vescence caused by the escape of carbonic acid from 
the soda, which is produced by the silica taking the 
latter, would endanger loss. Moreover, this violent 
action is increased by the union of carbon with the 
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oxygen of the litharge. When the action has become 
somewhat moderate, the heat may be urged to full 
redness, so as to render the mixture quite homoge- 
neous. A double circular ingot-mould being provided, 
the crucible is removed, and the contents poured, the 
slag first, into one concavity. The pouring is stopped 
when the reduced metal is about flowing out; the 
latter is then to be poured into the other cup of the 
mould. When cold, they are taken out, and the button 
being flattened, to free it from any adherent slag, is 
ready for after operations. The litharge is apt without 
care to permeate the crucible after effervescence is 
over. This must be prevented, or the result will be 
worthless. 

A second example may be given in the treatment of 
auriferous pyrites, where, of course, sulphur is present. 
Here, then, the first step after powdering is to roast the 
material well, so as to drive off the sulphur, and by 
this treatment the iron will simultaneously be convert- 
ed into oxide. The after-treatment is then precisely 
as in the case of the quartz, but with probably the 
following variation in the proportions of flux and ore. 
To 200 grains of roasted ore add 100 of carbonate of 
soda, 70 of litharge, 200 of borax, and 20 of powdered 
charcoal. 

Assay of Gold Alloys, — In earlier days of these ope- 
rations, when, for commercial purposes, they were not 
carried to the nicety of the present time, it was common 
to make a kind of rough assay by means of the touch- 
stone, and, in experienced hands, with pretty good 
results. The requisites for the process were a few 
needle-shaped pieces of gold, of various known quali- 
ties, a piece of a roughish black stone, and a little nitric 
acid, of about 1.20 specific gravity. The sample to be 
examined had some angular part of it drawn across 
the surface of the stone ; but, as in articles of jewelry, 
the surface is often what is termed "colored," and con- 
sequently richer, a few rubs were given of the part to 
be examined upon some rough surface, previous to 
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making this testing line upon the toachstone. The 
assajer then took one or two needles which he sup- 
posed to be near in qaality to the one sought. These 
are drawn across the stone, and then the streaks are 
moistened with the nitric acid. If the qualities are 
nearly the same, the action of the acid will be nearly 
similar ; if not, the streak made by the coarser of the 
two will be most acted upon, and his experience would 
then point out, by peculiarities in the test streak, 
which needle he would have to choose for final com- 
parison, if it had not already been employed where 
more than one was first used. The practice is, how- 
ever, a very rude one, and at best depends too much 
upon judgment. 

The outline of the operation for the actual assay of 
gold is as follows: An assay pound of the alloy is 
first very accurately weighed ; next, pure silver, to the 
amount of from two to three times the supposed weight 
of gold is added ; then this is cupelled with a proper 
proportion of pure lead. The button so obtained is 
now flattened somewhat by the hammer, and then rolled 
into a ribbon. This ribbon is annealed and coiled, and 
is then ready for the parting operation, which consists 
in boiling it twice in nitric acid, and, between and after 
the boilings, washing in water. Lastly, annealing the 
gold, and weighing. Gold (in assaying operations) is 
best weighed decimally. Thus, in a pound, or 1000 
parts of English standard gold, we should find 916.66 
of fine. The decimal weights may be converted into 
trade by calculation. ' 

But the system of trade weights for gold are not the 
pound divided into ounces and pennyweights, as for 
silver, but the pound is said to contain 24 carats, each 
carat 4 carat grains, and these latter are divided into 
halves, quarters, and eighths ; the eighth, or 768th part 
being the lowest amount reported. The actual weight 
of the pound varies much; thus some assayers (those 
who follow the French directions) use only 7.5 grains, 
while, on the other hand, English assayers will use 
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from 10 up to 16 grains. The capability of using a 
tolerably large weight of course assists in the greater 
delicacy of the small weighings. By a trade report, 
as it is termed, standard gold, which contains 11 of 
gold to 1 of alloy, would be said to be 22 carat gold ; 
any specimen containing more would be called *' bet- 
ter,'' and less than that amount " worse." As this 
method of weighing is still used by many assayers, an 
illustration or two may be given. Having at first 
" weighed in" an assay pound of metal, and carried it 
through the various stages of the operation, the fine 
piece of gold resulting is placed in the balance ; in the 
other pan is put the 22 carat, or standard weight. 
Suppose the gold does not counterpoise this, sufficient 
weights are added upon the gold pan, and thus, sup- 
posing a carat grain, a half, and an eighth, were found 
necessary, the gold would be reported, W. carat. If 
gr. If, on the other hand, it was heavier than stand- 
ard, and weights (say) of 1 carat, 2| gr. were required 
to be added to the weight pan, the report would then 
be B. 1 carat, 2| gr. Thus gold of 18 carats fine would 
be written, W. 4 carats. 

The rough weights of metal for the gold assays being 
prepared by an assistant, are weighed in for the fur- 
nace by the assayer himself, who, judging quality from 
external appearance, &c., adds to them at the same 
time the requisite amount of pure (or " water") silver, 
and then wraps silver and gold together in a piece of 
sheet lead, weighing half the amount of the lead re- 
quired. 

The quantity of lead to be employed will be about 6 
times the weight for gold down to about 920. Below 
that and down to 760, 8 times will suffice. And for 
qualities below the latter, 10 will often be required, 
although these proportions are often modified by the 
presumed nature of the alloy. 

The furnace being prepared and heated just as de- 
scribed for silver, the assays are charged in when the 
heat is judged to be sufficient, and the cupel operation 
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is then carried on, as with silver. Bnt the care requi- 
site here is very much less than in the latter class cf 
assays, the object being as much the alloying of gold 
and silver, as the complete separation of oxidizable 
metals ; because any small amount of the latter left in 
the assay will be removed by the acid in the parting 
operation, which retained alloy in a silver assay, where 
there is no after assisting operation, would be just so 
much of error. A certain amount of care is, however, 
to be exercised for several other reasons ; thus, for ex- 
ample, if assays, and especially gold ones, be charged 
into cupels insuflBciently "seasoned" in the furnace, 
"spirting" is sure to result: this is the throwing up 
from the bath of fused metal of a number of small beads 
of the assay ; these will be projected even to the crown 
of the muffle, and falling all around, spoil the assays 
in the surrounding cupels. 

Again, loss may accrue from vegetation or springing 
if the assays have been carelessly cooled down ; and, 
lastly, a muffle not properly cleared, or having a frag- 
ment of coal shut up in it, will, by containing an atmo- 
sphere of carbonic acid, cause reduction of the oxide 
of lead at the external parts of the cupel, which reduced 
lead, being taken by the yet fluid buttqn, will render 
it so brittle as to fly to pieces under the hammer. 

The flatting hammer requires some dexterity ia its 
use. The buttons being taken from the furnace are 
one by one placed upon an anvil, and. struck three 
blows ; the first, a downright one, gives the piece the 
diameter equal to the width required of the ribbon. 
The next blow is a kind of drawing one upon the 
edge, whereby a kind of tongue is drawn out suffi- 
ciently thin to cause it to be readily seized and drawn 
in between the rollers of the flatting-mill. The other 
end of the assay is then turned round, and a similar 
blow and conformation given to it. 

The board containing the flattened buttons is now 
taken to the rolling mill, and all are passed through, 
with the rollers set just at such distance apart as will 
20 
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equalize the assays. They are next adjusted down to 
the distance, which shall elongate the assay into a rib* 

Fig. 37. 




bon of metal required ; and now, if the flattening ope- 
ration with the hammer has been well performed, they 
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Bhould all be of equal breadth, and for an assay pound 
of 10 grains, measuring about .4 of an inch wide, the 
rolling operation bringing them to 2.2 inches long. 

This treatment of the metal will, however, have 
rendered it verv hard and dense, therefore annealing 
is required before the parting operation, for which 
purpose the assays are placed in a solidly-made iron 
tray, each one in a separate division. The tray is put 
into the muffle and heated to dull redness, after which 
it is taken out and the ribbons of metal coiled up into 
small cylindrical rolls, called " cornets." 

The requisite numberof assay glasdes are then charged 
with from 2 to 3 ounces of nitric acid of a specific gra- 
vity of from 1.16 to 1.25 ; and these are arranged upon 
a gas-parting apparatus. This consists of a tube, A, 
connected with the gas supply ; from the upper part 
of this rise a number of cocks; and on the outer 
screw of each of these a cup-shaped burner, B, is 
screwed, the jets of the burner, passing out horizon- 
tally from its circumference, cause the flame from each 
to wrap itself round the end of the glass. For a small 
set of from 6 to 12 burners the arrangement shown in 
the drawing may be adopted where the whole are fixed 
in a mahogany stand. This latter is furnished with a 
set of long tubes, D, one for each glass, C ; and when 
the evolution of acid vapors commences, these may be 
inserted in the necks of theglasses, thus condensation 
of the acid takes place in them, and the condensed 
product runs back into the glass, while the escape of 
noxious vapor is to some extent moderated. In an 
active laboratory, where 50 or more are worked at a 
time, it is necessary to arrange the whole in some con- 
venient chamber, provided with a flue for carrying the 
acid vapors away. The tubes D are then dispensed 
with, and the burners are better to be placed upon 
two, or even three gas tubes, so as to be more under 
the eye. 

After the assay glasses have cleared of red fumes, 
from 3 to 5 minutes' brisk boiling is kept up; they are 
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then removed from the burners, and the solution of 
nitrate of silver poured off, the cornets washed with a 
little hot distilled water, and a fresh dose of acid put 
into each glass (of a specific gravity of 1.3). They are 
then boiled again for 16 or 20 minutes, after which 
the acid is poured off and the glasses quite filled with 
warm distilled water. 

It will be found that acid of the above density is 
apt to boil unsteadily, and its vapors, by adhesion to 
the sides of the glass, will be given off irregularly and 
with such violence as even to project nearly the whole 
of the acid from the glass. Hence it is found necessary 
to put some body in with the assay, which, by afibrding 
points for the evolution of the vapors, shall facilitate 
its steady delivery from the fluid. For this purpose 
the practice by many is to use a piece of charcoal, but 
this is apt to induce the evolution of nitrous acid, 
which, by absorption in the acid, will even dissolve 
portions of the metal. This has been proved by the 
author, and put forth in a paper lately published by 
him {Quarterly Journal of the Chemical Society^ I860). 
Moreover, the acid becomes much discolored by char- 
coal, hence Mr. Field, the Queen's Assay Master, has 
proposed the use of small balls of porous earthenware, 
and these answer the purpose most admirably. 

The assays are next turned into small porous earth- 
en ware crucibles for annealing, but the cornets, with 
the silver now removed, occupy the same bulk as 
before parting ; hence, from their spongy and conse- 
quent friable nature, much care is required in effecting 
this, or they are sure to break up. The pot is therefore 
first filled with water, and the neck of the glass stopped 
by the forefinger, then being dexterously inverted 
under the water of the pot, the finger is removed, and 
the assay allowed to fall steadily into the pot, time 
also being given for any pieces (if any should by 
chance have become detached) to fall on to the assay. 
In this operation, if the piece even touch the finger in 
its transfer, portions are very likely to be detached. 
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The pots are now arranged in tbe furnace, and heated 
tip to an annealing heat; thus the former bulky cornet 
is condensed and shrunk considerably, while its sur- 
face, by incipient fusion, becomes perfectly metallic, 
changed from the brown lustreless appearance it bad 
when washed off, to a pure golden surface. 

It now only remains to weigh the assay, but compen- 
sation must be made for a certain retention of silver ; 
this not only varies with different operators, ranging 
from 1 to 10 grains in the troy pound, but is subject to 
slight difference with the same assayer, dependent upon 
the furnace heat, atmospheric influence upon the boil- 
ing of the acidS; and other disturbing actions. Beyond 
this there will be, on the other hand, an allowance to 
be given from the previous deduction for loss of gold 
during the operation, which is subject to like variation 
with the silver retention. This averages about one to 
six grains in the pound troy. Hence the operation 
can only be carried on to perfection by those who are 
continually practising it; and in such hands it needs 
daily tests to be passed with the working assays, as 
proofs or standards, whereupon to base the necessary 
corrections to be applied. 

In addition to the operations of assaying for the 
amount of silver or gold as already detailed, there are 
cases where it is required to estimate silver contained 
in gold, and also gold in silver, such are called "part- 
ing assays." The latter, viz., that of silver contained 
in gold, is effected by simply dissolving the metal in 
dilute nitric acid, and collecting the gold powder lefl; 
this is then to be washed with boiling distilled water, 
and annealed to brightness, when it will be in a state 
for weighing. 

The valuing of silver in gold is somewhat more com- 
plex. A double gold assay is made in the usual way, 
and at the same time an assay pound of the metal is 
cupelled with no silver added. Thus the copper and 
oxidizable metals are removed, and the button left 
will be composed of the gold and silver of the specimen 

20* 
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only. The difference of weight of this above the parted 
assay, will of coarse be due to silver. But in this ope- 
ration, not only are comparative assays necessary, but 
much judgment and experience upon the part of the 
assay er, or the results will be quite unworthy of confi- 
dence. 

In the dental laboratory, where it is probably of 
advantage to be able to obtain assays upon very small 
quantities of metal, very good approximate ones may 
^be obtained by means of the blowpipe, with the addi- 
tional advantage of rapidity of execution dependent 
upon their smallness. Thus a common candle urged 
by the blast of the ordinary mouth blowpipe will afford 
the requisite heat in the hands of a practised blowpipe 
manipulator; but where the gas blowpipe, joined with 
the double bellows already described can be obtained, 
the operation becomes very easy and certain. 

A grain of gold will be sufficient for the assay pound ; 
and if to this we add the two to three grains of silver 
requisite, and seven grains of lead, the whole mass of 
metal will at first only weigh ten grains, or a little 
more, according to the amount of silver used, a quan- 
tity managed with ease. 

For this a small cupel of about \ inch each way 
may be employed. This may be rested in a small 
cavity cut in a piece of sound charcoal. The tip of 
the fiame is first to be directed on this so as to heat it 
up somewhat ; after which, the assay, prepared as in 
ordinary assays, is to be put in, and when fused by the 
fiame directed upon it, the cupel is to be kept just in 
that position in the oxidating fiame as will carry oxi- 
dation on, and at the same time maintain the heat of 
the cupel so that the lead oxide may be absorbed; 
although much in this operation passes off in vapor. 
These actions are to be steadily maintained until the 
<issay brightens. It is then removed from the cupel, 
fiattened and rolled. The ribbon may then be annealed 
by a spirit lamp, after which it is rolled up, and parted 
with two acids. These last operations may even be 
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effected in a test tube over a spirit-lamp. The little 
cornet is, lastly, to be washed into a small porcelain or 
platinum basin, and annealed over the lamp, when it 
will be in a state for weighing. And if this operation 
be well and carefully carried out, very close approxi- 
mations may be obtained. 

As a most delicate balance would be required for 
these minute weighings, and such an one is not always 
at hand, I may state that the little instrument described 
by Mr. Faraday in his Chemical Manxpulaii<ms^ as Dr. 
, Black's substitute for a delicate balance, will answer 
very well for these weighings. 

It consists of a thin slip of pine about 12 inches 

Fig. 38. 




long and .3 of an inch broad in the centre, but slightly 
tapering both in breadth and thickness to each end ; 
in the middle of this a very fine needle is fixed at 
right angles upon its flat and upper side. Upon each 
side of this needle or fulcrum, 10 divisions are marked 
at exactly equal distances from each other, starting 
on each side from the needle. The bearing upon which 
the beam is to play is a small piece of sheet bras?, 
turned up to equal heights, so that a very narrow 
plane is thus formed on each side of the beam for the 
needle fulcrum to rest upon ; and as this rises only \ 
of an inch from the little slip of mahogany upon which 
it is screwed, the play of the beam is very small. The 
beam of course, after thus being shaped, is to be ad- 
justed so as to equipoise upon this bearing. 

The weights requisite for decimal weighing will be 
three only, viz., 1 grain (as an assay pound), .1 of 
a grain, and .OL of a grain ; and these are best formed 
in platina wire of fit degrees of fineness, as shown in 
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the drawing, where thej are represented as lying apon 
the mahogany base. 

An example may be given to illustrate the method 
of using this little apparatus. 

Placing the grain or assay pound weight upon the 
10th or principal division on one end, a slip of the 
metal to be assayed is cut off, and if of somewhat the 
shape of the pound, it will be better for accuracy of 
weighing, as it will lie better upon the beam division, 
care also having been taken that it should be rather 
plus, it is to be reduced to the correct weight. Then 
after cupelling, and parting this as above, the cornet 
obtainea is to be placed upon the 10th as before, and 
now being diminished in weight by the loss of its 
alloy, the pound must be passed back upon the beam 
divisions, but even at one back, or division 9, the 
weight being found too light for the cornet, it is al- 
lowed to remain at 9, and the 2d or .1 weight is placed 
on 8, and being found too heavy is passed back, trying 
a division at a time, until, arriving at division 1, it is 
found too little. Hence, leaving the 2d also, upon 
division 1, the 8d or .01 weight is used in the same 
manner, and passing it back by divisions its real posi- 
tion would be found to be between divisions 6 and 7. 
Hence, the weight ascertained is thus reckoned. First, 
the 1000 or pound weight being upon 9 gives the first 
figure of the report, viz., 9. Secondly, the tenth of 
the thousand on the first division gives 1 as the second 
figure. Thirdly, the hundredth of the pound, requir- 
ing to be placed at a point between 6 and 7 may be 
called 6.6. Therefore the weight will actually be 
916.5, indicating the specimen to have been one of 
standard gold. 

It will readily be seen that if necessary this simple 
instrument might be equally easily applied to trade 
weighings, by dividing the beam into 8, as the Jth of 
a carat grain is the smallest denomination, instead of 
10 divisions, and then using the 1 grain pound as 24 
carats with proportional weights of 22 carats, 2 carats, 
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1 carat, and 1 carat grain. Bat the decimal method 
is very simple, and its weights are easily convertible. 

When the malleability of gold is considered in con- 
jo notion with another property already mentioned, 
viz., the capability of effecting a kind of cold welding, 
it will be perceived bow useful a body the dentist here 
has for forming plugs in carious teeth ; and hence he 
has only to employ metal beaten sufficiently thin to 
admit of perfect entry into the irregularities of a 
cavity, when by simple pressure he can condense and 
solidify this into a compact plug. For this purpose 
the operation of gold-beating is employed in order to 
laminate the gold, and bring it into a fit state for such 
operations. This capability of beating gold must 
have been very early discovered ; for in the descrip- 
tion of the construction of Solomon's temple, there is 
a distinction made between things formed of ** pure" 
and '^ perfect" gold and those "overlaid" with fine gold. 

It has commonly been stated that gold must be quite 
fine in order to beat well ; but this is an error, for 
there is in truth considerable practical difficulty in 
beating pure metal, dependent upon the facility of 
welding just mentioned; and it is found that during 
the operation, if it is requisite to beat the leaves in 
piles, they are very apt to cohere, hence the London 
gold-beaters alloy more or less ; and they assert, more- 
over, that the addition of a little fine silver, or copper, 
increases the tenacity. But, on the other hand, it will 
be seen from what is just stated, that pure gold is best 
for sheets for stopping purposes, provided the me- 
chanical difficulty of beating can be overcome; and 
much of the metal so employed is therefore beaten in 
a comparatively pure condition. 

The ordinary practice of gold-beating for gilding 
purposes may be here detailed, as the extension is 
then made nearly to the utmost. It is thus carried 
on. The metal is first melted at a good heat, with a 
little borax as fiux, and cast in a very hot ingot-mould 
into small oblong ingots weighing about 2 ounces each. 
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The grease adherent from the mould, and any flux, 
are removed by heating them to redness; and this 
done, they are passed through a flatting-mill, furnished 
with very true rollers, and thus brought dowfl to the 
g^^th of an inch (or thereabout) in thickness; this is 
effected by several rollings ; and during the course of 
these, condensation of the metal is overcome by fre- 
quent annealing. After the last passage through the 
rollers and annealing, the ribbon is cut into portions 
of 1 inch square each, and these will be found to 
weigh about 6 grains in weight. These are inclosed 
between separate leaves of paper, and for this purpose 
the French gold-beaters use a very tough kind of 
paper, which they manufacture for the purpose. The 
**cutch," as this case is called, is next wrapped up in a 
parchment double case, and is then ready for beating. 
The anvil upon which this operation is performed is 
made of a dense black marble, fixed solidly, and where 
the support can be set in the ground it is better. As 
heavy a hammer as can be well wielded is used, and 
this is generally something over fifteen avoirdupois 
pounds. Steady flat blows are delivered upon the 
cutch, the workman taking advantage of the resilience 
of the case in assisting him to raise the hammer after 
each blow. During the operation the left hand is em- 
ployed in turning the cutch over and over, as well as 
round in diflerent directions, so that any angular fall 
of the hammer, which would produce unequal thickness 
of the sheets, may be counteracted. And the welding 
or cohesion of them is prevented by occasionally bend- 
ing the cutch backwards and forwards. Half an hour's 
work will thus bring the inch squares out to the mar- 
gins of the cutch, that is, to a surface measurement of 
16 times the original one. These 4.inch leaves are 
then taken out, and each one cut into four, after which 
they are inclosed again ; but now between sheets of 
fine gold-beater's skin, also encased in parchment; and 
as the beating becomes now a more laborious and 
careful operation, the weight of the hammer is dimi- 
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nished to 10 or 12 pounds. The ezteosion to 4 square 
inches will now require nearly a couple of hour's 
beating; after which, if gilding leaf is required, it is 
again beaten; and again with a smaller hammer; but 
it is these last operations which require great skill on 
the part of the workman, as well as fineness in the 
tools. The "shoder," as the gold-beater's skin case is 
called, must be formed of the picked membrane only, 
and even then during the production of this very thin 
metal, many of the sheets will extend before others, and 
reaching the edge of the shoder be beat away, thus 
causing some irregularity in thickness in the different 
sheets. Vellum is sometimes used for cases. 

The division of the sheets is at first made with a 
knife; but afterwards with a cross formed on a board 
by two sharp edges of cane, arranged so that the 4inch 
sheet may be divided into 4 squares. This last divi- 
sion requires much dexterity, as does also the final 
cutting to size, and placing in books; for which pur- 
pose they are turned upon a leather padded board by 
a pair of wooden pliers; and although a number may 
thus be heaped, as it were, together, a skilful operator 
will, by a tossing motion, assisting it by slight blowing 
by the mouth, thoroughly flatten them out for squaring. 
Lastly, they are stored in books of smooth paper, the 
leaves (for gilding metal) being often rubbed over with 
a little red ochre, to prevent adhesion. 

Thas the original ingot of 2 ounces, and measuring 
superficially about .6 of an inch by 1.5 inch, or a square 
of rather under y^^ths of an inch, is by the first or roll- 
ing operation brought at once to a surface of 180 square 
inches. 

This, after the first beating in the cutch, is brought 
to 2880 square inches. Then, after the second, the 
2880 become 11,520; and at the final one the measure 
will be 46,080 square inches, exclusive of small por- 
tions which, by unequal extension, are beaten off cer- 
tain of the sheets. 

These calculations show the 2 ounces of gold to have 
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been beaten into 820 square feet (not estimating anj 
allowance for loss during the operation); but it is sel- 
dom carried so far as this, on account of the immense 
labor and extreme thinness of the leaves, which would 
hence be porous, and capable of transmitting light. 
Therefore, an average of 200 feet to the 2 ounces may 
be assumed as the general workable thickness, and a 
leaf of such will be about one grain in weight. But 
for dental uses the thinnest sheets of English gold 
weigh not less than 6 grains, the medium 8, and the 
thickest 12. In all cases the sheets contain 16 square 
inches of surface. In America five thicknesses are 
made, weighing respectively 4, 6, 6, 8, and 10 grains 
per sheet. 

In order to obtain a solid plug of fine gold, not only 
must the surface be free from extraneous matters, but 
it must also be in good condition for welding; hence 
after the beating operation comes the important one 
of annealing, whereby its whole structure, internal as 
well as surface, is rendered fit for its use. Thus there 
must be perfect freedom of motion in the metallic par- 
ticles, as evidenced by absence of elasticity, whilst the 
molecular state of the surface produced by this treat- 
ment assists the welding; thus the annealing operation 
will be seen to require much care and experience. 
After this the metal should be handled very sparingly, 
and packed carefully in clean paper books; but even 
then it may at times again require annealing by the 
operator. This may be e£fected by heating in the flame 
of a spirit-lamp, by which no injurious products of 
combustion are given ofi^, to attack the surface of the 
metal. It may be placed, for this purpose, on a clean 
plate of metal, a piece of platinum, for example. Again, 
it is perhaps needless to remark that the cavity into 
which the metal is to be introduced should be well 
cleansed, and dried as perfectly as possible, the ab- 
sorbent material introduced for this being withdrawn 
at the moment the metal is ready for introduction. 

In regard to the use of spongy gold for plugging 



GOLD. 241 

operations, it is sure to fail if too much pressure with 
an obtuae instrument be employed at first, but from- 
the nature of the material it must be a very useful 
one. Moderate pressure should at first be made, and 
the metal pierced to some extent, so as to condense 
the lower portions, and the cavity so formed is to be 
again filled in. If this be not done, the outer part 
may be solidified and burnished over a perfectly spongy 
centre. When properly managed, its cohesion is most 
perfect, and is insured by the crystallo-granular struc- 
ture which the best- worked forms of sponge gold should 
possess, and which causes it to dovetail (as it may be 
said) together, and so to form correspondingly solid 
and sound plugs. 
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CHAPTER X. 

PLATINUM. 

Platinum has probably been very long known in 
South America, but, owing to the refractory (and in 
the ordinary way unworkable) nature of this metal, it 
was cast away, indeed, got rid of as an incumbrance 
in regard to mining products, with which it is found ; 
and it is only since the year 1750 that any account of 
its nature has been made known ; and, although many 
investigators were, from that time down to Dr. Wol- 
laston's, employed upon it, it is to the latter able phi* 
losopher that we owe the peculiar chemical and me- 
chanical operations which have mainly brought it into 
such an important position in the laboratory both of 
the experimental chemist and the manufacturer. Ber- 
zelius and Yauquelin have also added much to the 
chemistry of platinum, and as late as the number of 
the Annales de Chimie for August, 1859, publication 
was made of a valuable improvement in methods of 
refining, as also of its fusion in considerable quantity. 
These were effected by Messrs. Deville and Debray, in 
France. 

It is found largely in Bussia, in the Ural district ; 
hence in that country it has been employed for coin- 
ing, also in Peru, Brazil, California, Australia, and in 
some parts of North America, in all of which it exists 
as crude platinum ore and platiniferous sand, the for- 
mer being in irregular masses or nuggets, weighing from 
several pounds down to small sand -like grains, of a 
troy grain or so in weight. This crude ore is a com- 
pound of several metals, which, from this association. 
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are known as " platinam metals." These are palladium, 
rhodium, iridium, osmium, and ruthenium. Then, in 
addition to these, it very commonly contains iron and 
copper, occasionally manganese, lead, and even silver. 
Again, it has been asserted by Pettenkofer that there 
is scarcely any silver free from it, and frequently speci- 
mens of gold which come before the assayer for part- 
ing are found to contain platinum ; but, in explanation 
of this, it may be stated that in almost all places where 
gold is obtained by washing the sand, platinum is found 
with it, and often in such grains that they can be sepa- 
rated by picking out the latter; and, if they be too 
much mixed for this, it only remains to amalgamate 
the mixture, which treatment will dissolve out the 
gold without touching the platinum. 

The analysis of platinum ore has been perfected by 
Wollaston, and by Berzelius, and of all chemical ope- 
rations it is one where the most perfect skill has been 
exercised. But when it is stated that Wollaston's 
method embraces some twenty-six, and that of Berze- 
lius twenty-eight, distinct complex operations, it will 
be seen, when we presently examine them, how much 
the recent French discoveries already alluded to have 
simplified the manufacture of this metal. The follow- 
ing is a short summary of the chemical and metallurgio 
operation of Dr. Wollaston. It may first be premised 
that the average proportion of platinum in the ore is 
about 70 per cent., but the quantity ranges from 60 to 
80 per cent. The palladium seldom exceeds one to 
two per cent. 

The crude ore is first treated with aqua regia, made 
from pure nitric and hydrochloric acids, but, in order to 
prevent the solution of one of the metals, viz., iridium, 
It is diluted for use with an equal bulk of water. The 
proportions he advises are, to 100 parts of ore, as much 
nydrochloric acid as contains 150 parts of actual (dry) 
acid, mixed with nitric equal to 40 parts. Solution 
will be complete after three or four days' digestion, 
but; towards the end, it is always necessary to assist 
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this by a gentle heat. The vessel is then set aside, in 
order that suspended matter, which is almost entirely 
iridium, may be deposited. The clear solution is then 
syphoned ofi^ and to it chloride of ammonium, amount- 
ing to 41 parts, is added. This throws down a yellow 
crystalline precipitate, which is a chloro-platinate of 
ammonia, which, on heating, will be decomposed, and 
yield platinum. By this first precipitation about 65 
parts of platinum are at once separated from the ore, 
the weight of the compound salt being, in this case, 
about 166 parts. 

About 11 parts of platinum are left in the mother 
liquor of the crystals, associated with nearly the whole 
of the other metals. A clean plate of zinc is then put 
into it, which will precipitate them all. This deposit 
is first washed clean, and then redissolved in aqua 
regia, and to the solution ^^d of its bulk of strong 
hydrochloric acid is added, after which more chloride 
of ammonium, so as to throw down the remainder of 
the platinum. This addition of hydrochloric acid last 
made is for the prevention of the precipitation of any 
palladium, or lead with it. But the palladium may be 
separated at the first, by first neutralizing the solution 
with carbonate of soda, and then adding cyanide of 
mercury; this throws down the palladium, after re- 
moving which, the addition of chloride of ammonium 
will precipitate the platinum. 

The precipitates of chloro-platinate of ammonia are, 
however, contaminated with iridium, a portion of which 
has formed a soluble double salt with chloride of am- 
monium ; therefore they are carefully washed with cold 
water, to remove this, and afterwards pressed slightly 
between layers of filter-doth, and then dried. 

It now only remains to ignite, in order to separate 
the ammonia salt ; but this requires much care, so as 
not to use heat enough to agglutinate the reduced 
metal, the after working of which mainly depends 
upon its fine division. 

For this reduction it is put into a black-lead crucible 
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and heated until only the platinum, in fine powder, is left. 
This ia removed, any lumps broken up by the hand, 
and then rubbed to powder with a wooaen mortar and 
pestle, the rubbing being light, so as not to burnish or 
condense the powder in the least. It is now sifted 
through a fine lawn sieve, and mixed with water into 
a kind of mud. A brass mould is provided, having a 
cylindrical cavity of 6} inches long, by 1.12 inch wide 
at the top, and 1.23 at bottom. Thus it is slightly 
taper. A steel stopper or plug enters this, to the 
depth of a ^ of an inch, being made to fit very loosely 
indeed. This mould is well greased, and the plug 
wrapped in blotting-paper, and set up in a jug of 
water, with which also it is filled. Then the platinum 
mud is introduced, which, displacing the water, fills 
every cavity of the mould ; the water is then allowed 
partly to drain out, which it does readily by the blot- 
ting-paper round the loose steel plug. After a time 
the upper surface of the mud is covered, first, with 
paper, and then a plate of copper, and over these it is 
slightly squeezed, by means of a wooden pestle. The 
water being thus pressed out, the mass becomes suffi- 
ciently Bohd to allow of the mould being laid horizon- 
tally m a very powerful press. This press (devised 
by WoUaston) is worked by a lever, by which the 
steel plug can be forced with an enormous amount of 
power upon the platinum; and this compression is 
carried to its utmost limit, after which the plug, and 
then the cake of platinum, are removed, an operation 
rendered easy by the taper form of the mould. 

The mass is then laid upon a charcoal fire, so as to 
burn off any grease, and free the porous cylinder from 
remaining water. Next it is heated in a wind furnace, 
to a greater heat than the manufactured platinum is 
expected to bear. It is then removed, and aexterously 
hammered on the ends, being for this purpose set up- 
right upon the anvil ; and the Doctor says, that if it 
becomes bent, it is by no means to be corrected by 
blows upon the side, which, if applied, would cause it 

21* 
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to crack irremediably, but by carefal blows od the 
extremities, judiciously direct^, so as to reduce to a 
straight line the parts which project. 

After forging, it is to be cleaued from any ferrugi- 
nous scales it may have contracted in the fire, by smear- 
ing with a mixture of crystallized borax and car- 
bonate of potass, which, when in fusion, are a ready 
solvent for such impurities. It is, lastly, put on a 
platina tray, and covered with a pot, and then exposed 
to the heat of a wind furnace, and, on removal from 
the fire, it is plunged into dilute sulphuric acid for a 
few hours, to dissolve any adherent fiux, when it is 
ready for manufacture. 

The latter or mechanical part of the operation is 
described almost in the words of Dr. WoUaston, and 
his explanations of the process may be given also. He 
says, " Those who would view this subject scientifically 
should here consider that, as platinum cannot be fused 
by the utmost heat of our furnaces, and consequently 
cannot be freed like other metals from its impurities 
during igneous fusion by fluxes, nor be rendered ho- 
mogeneous by liquefaction, the mechanical diffusion 
through water should here be made to answer, as &t 
as may be, the purposes of melting, in allowing earthy 
matters to come to the surface by their superior light- 
ness, and in making the solvent powers of water effect, 
as far as possible, the purifying powers of borax and 
other fluxes in removing soluble oxides. 

''By repeated washing, shaking, and decantation, 
the finer parts of the gray powder of platinum may be 
obtained, as pure as other metals are rendered by the 
various processes of ordinary metallurgy, and, if now 
poured over, and allowed to subside in a clean basin, 
a uniform mud, or pulp, will be obtained, ready for 
the further process of casting." 

Notwithstanding the apparent perfection of the pro- 
cess just detailed (and which was the usual manufac- 
turing one up to a very recent date), the manufactured 
articles from this are very apt to blister considerably 
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upon the surface, and at times to so great an extent as 
even, after a very few heatings, to become seriously 
injured by it. This is, no doubt, caused by minute 
inclosures of air, which, by the compression and forging 
operations, are firmly encased in the substance of the 
ingot ; then, when the mass has passed the rollers for 
manufacture, these air-bubbles are brought sufficiently 
near the surface to raise blisters in the metal, when 
somewhat softened by heat. A large manufacturer of 
platinum told the author that it was his custom to 
replace vessels supplied, if this state of things occurred 
when they were newly made, although, of course, at 
much loss to himself. 

Then, again, the platinum so prepared has always 
a notable quantity of iridium in its composition, owing 
to the difficulty of washing it out of the precipitated 
double salts: thus remaining portions are reduced by 
heat with the platinum. In the uses of the metal in 
the experimental laboratory for vessels this alloy is 
rather beneficial, for, if a due proportion of iridium be 
employed to alloy platinum, the metal is not only more 
resistent of high temperatures, but also less easily acted 
upon by chemicals. Thus, excellent small vessels may 
be formed of the crude platinum by fusion, by the 
method presently to be described, in which way osmium 
and palladium are driven off (being volatile), and a 
natural alloy of platinum, iridium, and rhodium left. 

A process very analoffotlis to Dr. Wollaston's is em- 
ployed in Russia, in order to render platinum mallea- 
ble for coinage purposes. It is triturated in a brass 
mortar, sifted, and then pressed together under a steel 
die, by means of a powerful screw press. 

Deville and Debray, after working upon the subject 
for nearly five years, have, to a great extent, super- 
seded the wet process previously in use, by means of 
a dry metallurgic operation, whereby the refining is 
effected in an analogous mannerto the operation already 
described for silver refining, having first taken advan- 
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tage of the fusibility of certain alloys of platinum to 
carry it out. 

They take the ore, and in quantity up to 2 cwts., 
and with it about its own weight of sulphide of lead. 
These are then heated in a reverberatory of just suffi- 
cient dimensions, the sole being basin-shaped, and con* 
structed of very refractory clay, upon a basis of fire- 
bricks. The ore being heated to bright redness, the 
galena is thrown in by portions at a time, and constant 
stirring is kept up, so as to thoroughly mix the or<) 
and galena. This done, 2 cwts. of litharge is next 
added, in similar manner. This supplies oxygen to 
the sulphur of the galena, and the whole of the lead, 
thus being reduced, combines with the platinum metals, 
but at the same time introduces into the mixture any 
small portions of silver originally contained in the ga- 
lena. A little glass is used as a flux during this part 
of the operation. After standing in the state of fusion 
for a time, an upper bath will be formed, containing 
an alloy of lead with platinum, palladium, and silver: 
the other metals, being unacted upon by the treatment, 
will, by their superior density, subside to the bottom, 
after which the platinum alloy is carefully ladled off 
for future refining operations. 

The first of these consists in cupelling upon a test 
the platina lead, whereby the lead is disposed of by 
oxidation. The metal left is then ready for actual re- 
fining. 

The effecting of this depends upon means whereby 
they have been able to melt platinum, and thus bring 
the operation into the class of ordinary metallurgio 
operations. The essential part of the apparatus -con- 
sists of a kind of furnace, shaped out of well-burned 
lime, and which may be somewhat compared to a cupel 
in its use in this process, for it not only absorbs impu- 
rities, but assists in getting rid of them. Then, as an 
exceedingly high temperature is employed, the bad 
conducting, and good radiating power of lime are most 
useful. For, notwithstanding the metal being, in the 
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interior, at a fall white heat, the exterior will not be, 
by any means, extraordinarily hot ; while, by radiation, 
the interior crown of the furnace will much assist the 
fusion. 

Deville's smaller furnace consists of two pieces of 
lime joined for use ia such way as to form a kind of 
basin with a hollow cover. The lower piece is hollowed 
out into the basin, for the reception of the metal : it is 
solid (or may be formed of blocks closely fitted), in 
either case being like the top piece, also firmly bound 
round with stout iron wire or bands. The upper 
cylindrical cover piece has a corresponding cavity 
hollowed out, and in the centre a round taper hole, 
tapered slightly from above downwards, for the intro- 
duction of a blowpipe 
jet; a joint opening is Fig. 39. 

also formed at one side 
for the introduction of 
the portions of platinum ; 
and the lower half forms 
a spout for pouring the 
fused metal. 

The heating apparatus 
is an oxyhydrogen blow- 
pipe of large dimensions, 
and of the form already 
described as an air blow- 
pipe (p. 93). The outer 
and lower tube carries 
hydrogen (or coal gas), 
and the inner and upper 
one, in place of air, 
throws a jet of oxygen 
into the middle of the 
fiame, both supplies be- 
ing capable of close re- 
gulation by means of stopcocks. The tubes them- 
selves are formed of copper, each tipped with platinum. 

Suppose the object be simply to fuse some scrap 
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platinum, and cast it into an ingot The lime furnace 
is 6r8t put together, and then the hydrogen jet lighted, 
and tamed into the upper opening formed for the blow* 
pipe ; oxygen is then supplied, and the whole apparatus 
heated as strongly as can be effected. The platinum 
is then introduced in pieces by the whole at the side: 
the furnace is at this time cooled down slightly, but 
the authors say that the metal runs down immediately 
it enters the furnace. The heat is maintained for a 
time, after which the metal is ready for casting. 

When the object is to refine the metal, it is heated 
upon this bed of lime, until no more vitreous matters 
are seen to rise to the surface; the gases are thea 
gradually turned o£^ beginning with the hydrogen, 
and in such a manner as always to leave, the oxygen 
somewhat in excess ; thus the mass solidifies, and at 
length the flame may be quite extinguished. 

The metal may be cast in an ingot-mould, formed 
of coke or of plates of lime; and the authors say that 
thick cast-iron moulds may be used, if they are well 
coated over with plumbago; the platinum being kept 
fluid by the jet until poured, for which purpose the jet 
and upper section of the mould are removed, and the 
lower one tilted by tongs, so as to pour its contents 
steadily into the mould. The great difficulty, however, 
seems to consist in being able at the same moment to 
discern between the mouth of the mould, and the daz* 
zling white surface of the molten metal. 

From 7 to 8 lbs. avoirdupois may be operated on in 
this manner without danger from the apparatus giving 
way, and the authors describe a larger and modified 
apparatus for large quantities. They also employ a 
melting furnace somewhat analogous to Mr. QriffinV 
gas furnace, formed very solidly in lime, in which, by 
the blowpipe above described, they can melt portions 
in a crucible formed of coke. 

Small platinum vessels are readily made by pressing 
the pulverulent platinum of Wollaston's process, either 
dry or moist, into a fit mould, the stamp for the inte- 
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rior being driveQ either by a press or a hammer. 
They are next heated in an air, and afterwards more 
strongly in a blast fnrnace, and lastly, finished by 
beating red-hot upon an anvil. 

The properties of platinum are as follows : It is of 
a white color, but not so pure a white as silver. In 
hardness it is about the same as copper. It is exceed- 
ingly ductile, and may be drawn into very fine wire ; 
and Dr. Wollaston, by forming a coating of silver 
upon a fine platinum wire, and then drawing this 
through the draw-plate,, obtained a fine compound 
wire, from the outsiae of which he dissolved the silver, 
and so left a platinum wire, finer than any wire hith- 
erto made. In fact, his object was to endeavor to 
substitute wire for the spider's web usually employed 
in micrometers. Platinum exceeds all metals, except- 
ing iron and copper, in tenacity. Its specific gravity 
ranges from 20.8 to 21.7. It welds very readily at a 
full red heat, so that injured platinum vessels may 
readily be repaired by heating, and then welding on a 
piece of foil also heated, the operation being performed 
upon an anvil, as in ordinary welds of iron. Indeed, 
Wollaston's process for manufacturing platinum is 
based entirely upon this welding capability. 

It is nearly the most infusible metal, those which 
excel it in this respect being some associate metal, as 
rhodium, for example. It is quite unoxidized in the 
air, and untouched by simple acids, the proper solvent 
being chlorine (as evolved by aqua regia), although 
the gas itself is inactive upon it. When platinum is 
alloyed whh silver, however, it will be largely dissolved 
in nitric acid ; hence, where gold contains a small pro- 
portion of platinum, the latter may be separated by 
quartation of the gold with silver, and a subsequent 
free boiling in nitric acid. The acid, by this, will 
acquire a deep straw-yellow color. The resistant 
qualities of this metal give it its great value for 
chemical vessels, but these require care in using. 
Thus we cannot heat a metal in them to near its fusing 
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brown precipitate, insoluble Id nitric or bydrocbloric 
acid alone, bat soluble in them when mixea. 

2d. Sulphide of ammonium produces the same pre- 
cipitate; but this will be dissolved by excess, and re- 
precipitated upon the addition of acids. 

3d. Potash, or ammonia, each throw down a very 
characteristic yellow crystalline precipitate, soluble 
when aided by heat, but readily precipitated in a cold 
solution, especially if it contain any hydrochloric acid. 

4th. -Soda precipitates a brown hydrated binoxide 
from persalts of platinum : this is soluble, however, if 
any excess of soda be added. 

5th. Frotochloride of tin, added to solutions of plati- 
num salts, gives an intense brown-red color to them, 
but does not throw down any precipitate. 

6th. Sulphate of iron does not precipitate platinum. 

For the quantitative estimation of platinum, we may 
separate it from almost all metals by the addition of 
chloride of ammonium to a platinum solution, and sub- 
sequently a little alcohol; if this precipitate be col- 
lected, and then washed with dilute alcohol, in which 
it is insoluble, it will be ready for weighing, and every 
100 parts will contain 44.28 of platinum. 

Supposing platinum to be contained in an alloy of 
gold and silver, it may then be estimated after the 
latter are separated in the way already described ; and 
as the oxalic acid by which the gold is thrown down 
does not precipitate platinum, it will be left in the solu- 
tion for subsequent precipitation. For this Miller ad- 
vises neutralizing the solution by carbonate of soda, 
and then precipitating the platinum in the metallic 
state, by boiling the liquid with a soluble formiate. 

When assays are made of gold containing platinum, 
much care is requisite, or the report will be given too 
high, from its retention. If the quantity associated 
with the gold does not amount to more than ^'^th, it 
will be separated during the acid parting work ; but if 
above that quantity, extra care must be taken in each 
stage ; and when the platinum reaches 12 per cent., or 
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more, it is scarcely possible to separate it in the ordi- 
nary way. 

Its presence is indicated by tbe dall working of the 
batton in the cupel, by want of brilliancy in the play 
of colors and final clearing of the batton ; and this 
will be doll and crystalline upon its upper surfieu^e. 
Then, on parting, the acid will become more or less of 
a straw color. 

It is well, u|K>n these signs, to commence a fresh 
assay, giving it rather an extra quantity of silver, a 
stronger furnace heat, and, after laminating very thinly, 
employing a brisk boiling in the acid apparatus. Thus 
any quantity short of 12 per cent, will be thoroughly 
dissolved out. 
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CHAPTER Xr. 

PALLADIUM. 

Palladium is obtained from platinnm ore, after the 
separation of that metal, and it is also associated with 
some of the gold obtained from Brazil as an alloy of 
gold and palladium. It is separated, in the former 
case, after the platinum has been thrown down from 
the ore solution (page 244), by treating the residuary 
acid liquor with cyanide of mercury. A white floo- 
culent precipitate is thus thrown down, which is 
cyanide of palladium. Heating this with sulphur 
separates the cyanogen, and sulphide of pallaaium 
remains, which may be decomposed and its sulphur 
driven off by heat ; or the cyanide is decomposed by 
heat alone, the cyanogen being driven off. 

The process usually adopted for the separation of 
palladium from Brazilian gold has been devised by 
Coek. The gold dust is fused with an equal quantity 
of silver and some nitre. The latter oxidizes certain 
base metals, and combining with earthy matters, forms 
altogether a slag, from which the alloy is poured away. 
This is again fused with a second portion of silver, so 
as to quartate the gold, and the mixture is poui^ 
from the black-lead crucible into water for granulation. 
The alloy is then parted with twice its weight of nitric 
acid, of l.SO specific gravity; and when action has 
ceased, this is replaced by a second quantity, and the 

Sarting operation carried on for two hours longer, 
'he gold removed, the acid liquors contain the palla- 
dium and silver with any copper present. To this 
liquid common salt is then added, to throw down the 
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silver as chloride. And when this is removed, by 
decanting the supernatant liquid from the subsid^ 
precipitate, a quantity of zinc is placed in the latter: 
by this the palladium and copper are thrown down as 
a black powder. This is next removed, and dissolved 
in nitric acid ; after which the solution is supersaturated 
by ammonia. Thus palladium and copper are held in 
solution, their oxides being soluble in ammonia, while 
small portions of platinum, lead, and iron will be 
thrown down. Lastly, the filtrate is heated with hy- 
drochloric acid, which separates the palladium as am- 
monia-protochloride: this, washed and ignited, will 
afford pure spongy palladium as a gray mass. This, 
however, is not malleable, and for the acquisition of 
this quality it needs further treatment. It is therefore 
generally fused with sulphur, and the sulphide so 
formed treated at a second fusion with a little nitre 
and borax, the crucible having free access of atmo- 
spheric air allowed to it. This cleanses it, and it is 
then taken out, and roasted on a porous f^ile, and the 
pasty mass resulting pressed into a cake, roasting being 
kept up so as to expel the sulphur as sulphurous acid, 
and leave the palladium again as a spongy mass. 
When nearly cool, it is gently condensed under the 
hammer ; then heated again, and again hammered, so 
as to solidify the mass gradually, without which care 
it would stiU exhibit brittleness. Gmelin says that in 
this last state the brittleness results from retention of 
some of the sulphur. 

Properties. — A white metal, much resembling plati- 
num, but having a specific gravity of 11.8. It is less 
ductile than platinum, and apt to crack at the edges 
when rolle^. Although the most fusible of the plati- 
num metals, it is not easy of fusion ; but when liquid 
it evaporates in a green vapor, which, on condensing, 
forms a dark-brown dust, composed of a mixture of 
metallic palladium and its oxide. If heated and fused 
in an oxidizing atmosphere, it vegetates on cooling, 
just as silver does. It does not oxidize in the air, 

22* 
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unless the temperature be considerably raised, and 
then the surface may be again restored by a stronger 
heat, which drives off the newly-formed oxide. It is 
at times found native in company with platinum, but 
the grains may be distinguished from the latter by the 
fibrous structure which they exhibit. Symbol, Pd. 
Equivalent, 63.24. 

Palladium unites with oxygen in three proportions, 
forming a suboxide, Pd^O ; a protoxide, PdO, which 
is the base of the salts of palladium; and a binoxide, 
PdO,. 

Palladium also combines with chlorine, and two 
chlorides exist — a protochloride and a perchloride ; 
the first Aay be crystallized, but the second, or PdOl,, 
exists only in solution. 

A sulphide of palladium is formed when hydro- 
sulphuric acid is added to a palladium salt : it falls as 
a black precipitate. 

Alhya. — With mercury palladium forms a gray 
plastic amalgam, but not easily, and when union does 
take place it is attended with evolution of heat, hard- 
ening quickly as it cools. WoUaston advises the 
formation of it by decomposing a palladium salt by 
excess of mercury, when, by agitating the two together 
for a considerable time, a soft amalgam is obtained. 
If the palladium salt is in excess, it will form a gray 
powder, consisting of two equivalents of palladium 
with one of mercury, and so permanent as to require 
a white heat for getting rid of the whole of the mercury. 

Silver and palladium may be combined in any pro- 
portion, and when in the proportion of one part of 
palladium to two of silver, the metal retains the ex- 
ceedioffly brilliant polish which may be given to it. 

Gola and palladium form a hard gray alloy when 
combined in equal proportions. One part to four of 
gold forms a white alloy. One part to six of gold is 
but slightly colored by the latter. They are all brittle. 

Platinum and palladium in equal parts form a gray 



PALLADIUM. 259 

t 

alloy, about as bard as bar iron, and which fases below 
the fusing point of palladium. 

Salts of palladium may be discriminated by the fol- 
lowing tests. - Hydrosulphuric acid, or sulphide of 
ammonium, gives a black precipitate of sulphide of 
palladium, insoluble in alkaline sulphides, but soluble 
in hydrochloric acid. 

Potash, or soda, throws down a red subsalt from 
solutions of palladium salts, and on the application of 
heat ; this subsalt will be dissolved in any excess of 
alkali present. 

Ammonia and its carbonate throw down a copious 
flesh-colored precipitate, an ammonio-chloride soluble 
in excess, but from the nitrate of palladium ammonia 
gives no precipitate. 

Protosulphate of iron reduces palladium salts after 
a time, ana, as with gold, heating the solution facili- 
tates the reduction, but if the solution is very acid, 
action is proportionally slow ; the precipitated metal 
covers the sides of the vessel in a film. Protochloride 
of tin gives a brown precipitate, which is soluble in 
hydrochloric acid, giving a bluish-green solution. 

Lastly, cyanide of mercury is the characteristic test 
This precipitates a yellowish* white cyanide, which 
becomes white on standing, and is soluble in hydro- 
chloric acid. 

The estimation of palladium quantitatively is gene- 
rally made from this precipitate, for, by cyanide of 
mercury, we have the means of separating it from all 
the noble metals, and, indeed, from all others, if we 
except lead and copper. If, then, a solution of the 
allo^ be made in aqua regia, silver will be separated 
dunng the solution. The acid of the filtered solution 
is next saturated with carbonate of soda, and cyanide 
of mercury added; lastly, the separated cyanide is 
heated, and the palladium obtained by its decomposi- 
tion is weighed airectly as metal. 
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CHAPTER XII. 

metals of the second class.— order i. 

Lead. 

Lead has been known from very remote times, 
although the term in some of the very early writings 
(the Bible for instance) did not signify the metal now 
bearing" the name. Its chief ore is galena, wherein an 
average of 80 parts of lead are associated with about 
13 of sulphur. Consequently, it is a protosulphide ; 
but it is also invariably associated with silver, and the 
proportion of the latter is subject to great variation. 
Thus some Silesian ores contain as much as 20 per 
cent, of silver ore ; but ^d per cent, constitutes a very 
rich ore, while the average of ordinary galenas is 
TvVo^l^ P®r cent. Sulphides of antimony, copper, zinc, 
arsenic, and iron are also found in it. As also quartz, 
fluor spar, and sulphate of baryta. 

Galena 'is classed as blue lead, specular galena, and 
argentiferous galena; but the latter is not easily dis- 
tinguished as such by any great external difference. 

Oalena is a crystalline ore, its primary form being 
the cube ; but, as would be expected, it is frequently 
found in octohedra. It is the principal source of 
English lead, and is found in Cumberland, Wales, 
Cornwall, and Scotland. The united annual produce 
of these countries ranges from 81 to 6500 tons of lead 
annually, while, from British lead only, as much as 
800,000 oz. of silver have been separated in one year. 
Lead is also found in Germany, France, Spain, and the 
United States. 
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The rarer minerals of lead are almoet inyariably 
found in association with galena. They are, native 
oxide or massicot; chloride, sulphate, carbonate, phos- 
phate, and chromate of lead. 

The lead ore is first sorted, and freed as much as 
possible from siliceous matters, then ground to powder 
and washed, when it is ready for the smelting opera- 
tion. The principle of this consists in heating the ore 
in such a manner, with free access of air, as shall con- 
vert a portion of the sulphide of lead into sulphate, by 
the oxidation of lead and sulphur. This roasted ore is 
then mixed with such a quantity of the crude, as that 
the lead will flow off, leaving the foreign matters of the 
ore with some unreduced material. 



Fig. 40. 




A reverberatory furnace is exclusively employed for 
this, having a bed of about 10 feet by 8, and formed 

Generally of old slags of former operations. It is well 
epressed in the centre at D, and at the lowest part a 
tap-hole. A, is formed for the running off of the metal. 
A series of openings, B, are also formed in the side for 
air admission, as also for working through. There is 
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a bridge, c, of at least a foot between the furnace and 
bed ; and at the back the flae-opening is placed as low 
as 9 inches above the bed. This is provided with a 
damper to check draught, and as the lead fumes are 
very liable to partially choke the horizontal part, its 
top is always provided with movable tiles for the 
clearing this oxide out. 

From 12 to 30 cwt. of ore are mixed with a flux, 
which is usaally about ^,yth of lime : and these, after 
charging in, are spread evenly upon the bed. The 
openings being closed, heat is got up, and the mixture 
stirred from time to time. 

After two hours, any rich slags of former workings 
are thrown in, and as these will at once yield their 
lead, the tap-hole is opened for its running off. A 
little fuel is then supplied, and as the lead from the ore 
begins to collect in the depressed part of the bed, a 
little more flux is sprinkled over it, the future produce 
being supposed to be improved by the attendant slight 
lowering of the temperature. The slags are kept 
pushed back continually. The lime sets free oxide of 
lead by decomposing the silicate, and is itself converted 
into silicate of lime. The oxide of lead reacts upon 
the sulphide of lead not already decomposed; and it is 
said that the stirring and raking also tend to set free 
metallic lead, the iron tools somewhat assisting, as 
shown by their being attacked and destroyed during 
the operation. The scoriss are also treated with a 
small quantity of carbonaceous flux, in order to decom- 
pose any oxide or sulphate of -lead which is retained 
by them. At the end of about four hours the lead is 
allowed. to flow out at the tap-hole into iron receptacles. 

The lead so obtained in most cases requires refining, 
or, as it is called, "improving." For not only does it 
contain the silver originally pr^ent in the ore, but 
also antimony, tin, copper, and other ifnpurities ; and 
this is especially the case in leads obtained from 
Spanish ores. 

This is performed in a reverberatory built with a very 



LEAD. 263 

low dome, and whose bed is a large cast-iron pan, set 
quite level behind a very broad bridge. At one end, 
and a little in front is bnilt up a second furnace, pro- 
vided with an iron raelting-pot. In operating, both 
fires are lighted, and the pot filled with the coarse 
metal, six or seven tons being generally worked in one 
operation. 

When the metal is fused, it is ladled into the rever- 
beratory and kept there in fusion. It soon becomes 
covered with a thick scum or pellicle, which is kept 
raked out by a door at the side of the furnace, so as 
constantly to expose a fresh surface. This contains 
the oxides of tin and antimony, which metals are more 
readily oxidized than the lead. Thus, after a period 
varying from twelve hours to several days, the lead 
will be found to assume a peculiar crystalline texture 
on cooling, indicative of its purity; and to learn when 
this «tate has been arrived at, a portion is from time to 
time taken out and examined; and it is then run into 
an iron pot for casting into pigs. 

As the lead still retains the silver, this has now to be 
removed, which is done by first concentrating the silver 
into a reduced quantity of lead, and afterwards cupel 
ling this. Formerly, for want of a good and effective 
process, the lead of commerce always retained a con- 
siderable amount of silver, so much as to render its 
separation a very profitable operation since Mr. Pattin- 
8on*s process has been in use. That gentleman dis- 
covered that if we fuse lead containing any notable 
amount of silver, and then cool slowly, carefully 
stirring at the same time, crystals will form in the bath 
and subside to the bottom ; and, moreover, these will 
be much less rich in silver than the original metal was. 
Upon this discovery he founded the following opera- 
tion for removing the poorer lead and concentrating 
the silver: — 

A series of ten or more iron pots are set adjacent to 
each other, but with separate fire-places to each ; they 
are of a size to contain about five tons of lead. In the 
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centre one lead is put, of about twenty ounces of silver 
to the ton ; this is fused and skimmed, and then the 
fire lowered, the metal being kept well stirred mean- 
while. As the temperature falls the crystals begin to 
form. A set of perforated ladles having been kept 
heated in a small extra pot of fused lead, one of these 
is now taken, and with it the crystals are removed 
from the large centre pot, being drained from the un- 
crystallized metal by means of the perforations. 

The crystals, as i^st as they are removed, are passed 
into a pot nezt on the right, and when all are worked 
out the richer metal left is ladled into the pot next on 
the left; and now a fresh charge of metal is put into 
the centre one. The working is then again started, as 
also at the same time in the pots on each side, the 
enriched metal being passed on from pot to pot on the 
lefb, while the poorer is carried in like manner to the 
right, till at the end of the series of workings the pot 
on the extreme left is found to contain metal of about 
three hundred ounces of silver per ton, or just about 
twenty-five times as rich as the original metal ; while 
the lead in the extreme right-hand one will not contain 
more than half an ounce of silver per ton. 

It is not found advantageous to concentrate more 
than above mentioned, and now the silver lead is ready 
for cupellation, by which the lead is entirely separated 
as litharge or oxide, and the silver left. See page 163. 

There is another process for desilverizing lead, which 
has been patented by Mr. Parkes. He adds a quantity 
of zinc to the lead, and fuses them together. This 
alloy is then subjected to a liquation process, by which 
the lead is sweated out, and an alloy of zinc with silver 
left, from which the silver is recovered by distilling off 
the zinc. 

Although the lead of commerce is very nearly pure, 
it is never entirely so ; consequently, if it be required 
chemically pure, the best quality of commercial lead 
must be taken and dissolved in nitric acid, and the 
resulting nitrate crystallized repeatedly, to purify it. 
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This is then heated to redness in a crucible, whereby 
the nitric acid being decomposed and driven ofT, a pure 
oxide of lead remains, which may be reduced to metal 
by heating with black flux. But it may thus retain 
traces of silver. 

Properties. — When lead is pure it may be cut even 
with the finger-nail, its clean surface being of a bluish 
white, which rapidly tarnishes from oxidation. Its 
specific gravity is 11.35. It is readily rolled even into 
thin sheets, but it is not very ductile or tenacious, 
although it may be drawn into wire. It melts at 612®, 
and may be crystallized with care in octohedrons or 
the primitive form of cubes. If repeatedly heated and 
fused, it gradually becomes harder, probably from ab- 
sorption of portions of oxide which become diffused 
through the mass, but a layer of charcoal put over the 
metal during fusion will prevent this. Lead, when 
exposed to the action of pure water containing air, 
will deposit an oxycarbonate of lead; and the scale of 
this substance falling will leave a fresh surface for 
renewed action, and thus rapid corrosion is the result. 
Dr. Miller, who, with Mr. Daniell, experimented upon 
this matter, observed that certain salts, as phosphates, 
sulphates, and carbonates, diminish the corrosion, while 
bicarbonate of lime quite hinders it; hence spring 
waters, which generally contain this substance largely, 
are inactive upon lead ; but chlorides, nitrates, and ni- 
trites are especially injurious, the quantity in either 
case influencing solution being not more than 8 or 4 
grains per gallon. Symbol, Pb. Equivalent, 103.6. 

Compounds with Oxygen. — There are four of these — 
a dinoxide, Pb^O; a protoxide, PbO; a binoxide, 
PbO,; and a compound oxide formed of two equiva- 
lents of protoxide with one of binoxide, hence having 
the composition PbgO^. 

The second, or protoxide, is the base of the ordinary 
lead salts; it is the litharge of commerce, formed on 
the large scale, by heating lead on an open flat hearth 
28 
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to redness; and removing the oxide as it forms. This 
is then ground and levigated, whereby the adherent 
grains of lead are separated and removed. If it is 
made at a very low temperature, the oxide forms as 
" massicot," a yellow powder ; the texture and color 
of this depend upon tne oxide not having been fused. 
It is this protoxide which is formed in ordinary cupel- 
ling operations, and which, by fusion, is rendered suffi- 
ciently liquid as to be capable of absorption by the 
substance of the cupel. It is volatile at a strong red 
heat, and may be dispersed in fumes. Protoxide of 
lead may be formed, on the small scale, by heating 
pure nitrate of lead, as described in the preparation of 
pure lead. When pure, it is a lemon-yellow powder ; 
where it inclines to orange or red, it is an evidence of 
slight admixture of the compound or red oxide with 
it ; but, by heating litharge, this red color is assumed, 
which disappears again on cooling. A crystalline hy- 
drated protoxide may be formed by dropping solution 
of acetate of lead into ammonia, until the precipitate 
at first formed becomes permanent. The white powder 
so obtained may be dried at a gentle heat, and, on 
examination by the microscop>e, will be found to con- 
sist of minute transparent four-sided prisms. Protox- 
ide of lead is the base of ordinary lead salts ; the oxide 
itself is slightly soluble in water, giving it an alkaline 
reaction. This reaction is also shown with the sub- 
salts of lead, which this oxide readily forms. The 
specific gravity of protoxide of lead is 9.3. Composi- 
tion, PbO. Equivalent, 111.6. 

Bed oxide of lead, or minium, is prepared com- 
mercially by heating metallic lead in a reverberatory 
furnace, so as first to form massicot or protoxide; this 
is removed and finely pounded. The powder is then 
again heated and kept at a dull red heat for about 24 
hours; the mass being frequently stirred, and the heat 
not allowed to rise above 600°. Thus the whole is 
converted into a brilliant scarlet crystallo-granular 
powder. The beauty of color is, however, often much 
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dimiQisbed in commercial specimens by adulteration 
with brick-dust and other red materials. 

Adulterations of this character are most hurtful in 
many of the applications of the adulterated body. 
Thus in red lead, which is much used in the manu- 
facture of glass, the brilliancy and whiteness of the 
flint-glass mainly depends upon the lead oxide, and 
not only will these fraudulent additions spoil the 
transparency, but they will often (if they consist of 
other metallic oxides) color the glass,- although its 
transparency is kept up. Thus, in green bottle glass, 
the deep color is entirely due to a proportion of oxide 
of iron. 

Minium appears to be, as already stated, a mixture 
of two equivalents of protoxide with one of binoxide 
of lead (hence it does not combine with acids) ; there- 
fore, upon treating it with dilute nitric acid, we are 
able to separate the protoxide, which will be dissolved 
out, and combining with the acid, will form nitrate of 
lead ; the binoxide of lead remaining untouched as a 
brown powder, which may be washed from the lead 
nitrate, and dried. 

Binoxide of lead is insoluble in acids, excepting 
dilute hydrochloric, from which it may be again sepa- 
rated by neutralizing with potash. Composition, PbO,. 
Equivalent, 119.6. 

Chloride of lead is formed when hydrochloric acid, 
or a soluble chloride, is added to a soluble salt of lead. 
It falls as a crystalline precipitate, from its sparing 
solubility in water, one part requiring thirty parts of 
cold water for its solution. This^ compound is im- 
portant in connection with silver assaying. Thus, if a 
silver under examination by humid assay contain lead, 
as some of the brittle silvers do, a portion of the salt 
solution will go to precipitate this chloride, and so a 
small error of over-estimation of the silver will result. 
Composition, PbCl. Equivalent, 189.1. 

Sulphide of lead is found native as galena ; but an 
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artificial sulphide is precipitated as a hjdrate, when 
we add hydrosulphurio acia to a solation of a lead salt, 
or evea to an insoluble lead compound suspended in 
water. It is in this case a black powder. Composition, 
PbS. Equivalent, 119.6. 

Many of our valuable pigments are formed of lead 
oompounds. Thus, ordinary white lead of the painter 
is a carbonate of lead, and the peculiar boay and 
durability which this gives to oil paint has caused it 
to be an article of large manufacture. Patent yellow, 
or Turner's yellow, is a compound of chloride with 
oxide of lead. Again, chrome yellow is a neutral 
chromate; and again, when this last is fused with five 
parts of nitre, a dichromate of lead and a chromate of 
potassa are formed. The latter, washed away, leaves 
the dichromate as a brilliant scarlet powder. 

The alloys of lead with the class of metals hitherto 
considered are not important, as they form in the 
general brittle unworkable compounds ; but they may 
be enumerated here. 

With mercury lead readily amalgamates, either by 
mixing lead filings with mercury, or by dropping 
warm mercury into lead in fusion. The resulting 
amalgam will have a specific gravity above the mean 
of its constituents, showing that condensation has ac- 
companied the union. Two parts of lead and three of 
mercury form a solid crystalline amalgam, very white 
and brittle; with a larger proportion of mercury it will 
be pasty, or even nearly fluid. In all these amalgams 
the lead may be partially oxidized by moist air, the 
oxide formed being a suboxide of lead, which will be 
mixed with some amalgam as a black powder. 

The peculiarities of alloys of lead and silver are 
taken advantage of in their separation : thus, as has 
been stated, an alloy rich in silver will remain fluid at 
a lower temperature than a poor one, the poorer crys- 
tallizing out ; in fact, the homogeneous alloy of silver 
thus separating itself under mere management of tem- 
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perature. Silver thus diffused throagh a very large 
qaanlity of lead will render the latter less malleable. 
Lastly, if a bar of metallic lead be immersed in a solu- 
tion of nitrate of silver, the precipitated metal will not 
be pure silver, but an alloy of silver and lead. 

Alloys of gold and lead are brittle in the extreme. 
Thus, Mr. Hatchett found that T^^^^th of lead in gold 
will destroy its coining qualities to some extent, by 
rendering it less ductile. If the amount of alloy in 
standard gold be formed of lead, and even added to 
perfectly pure and ductile gold, the color will be 
straw-yellow, and the alloy thoroughly brittle. In all 
cases, however, where gold or silver is alloyed with 
lead, the latter may be entirely removed by cupellation. 

Platinum, with its own weight of^lead, forms a pur- 
plish-white alloy, brittle and granular in structure, and 
acted upon by the air. The metals have so great an 
aifinity for each other, that a platinum crucible will be 
perforated by fusing lead in it, or even by oxide of 
lead, when a reducing flux is used with it; the lead 
alloying with the metal of the crucible. 

Lead cannot be separated from platinum by cupel- 
lation without much care, for although, when the lead 
is in excess, the alloy is very fusible, as the lead oxi- 
disses and the metal becomes richer in platinum, so the 
fusing point rises, until, at length, the heat of the muffle 
is apt to be insufficiept, and the alloy sets again, 
retaining portions of lead. 

Palladium and lead form a gray alloy, which is 
granular in texture, and very hard and brittle. 

The more important alloys of lead are those which it 
forms with tin, antimony, bismuth, and some other 
metals, constituting the classes of solder, type metal, 
pewter, &c, : these will be considered in their places. 

Analysis of Compounds of Lead. — The presence of 
this metal is indicated by the following tests : 

1st. Hydrosulphuric acid or sulphide of ammonium 
will throw down a black sulphide from its solutions, 
insoluble in any excess of the precipitant. 

23* 
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2d. Potash or ammonia throws down hydrated oxide : 
this is soluble in excess of potassa, but not in ammonia. 

8d. Alkaline carbonates precipitate a white carbon- 
ate of lead, which is quickly blackened by hydrosul- 
phuric acid. 

4th. Sulphuric acid is a characteristic test, precipi- 
tating a white sulphate : this is also thrown down by 
any soluble sulphate. 

6th. Ghromate of potash is also a very delicate and 
characteristic test, precipitating a fine yellow chromate 
of lead, and acting upon exceedingly dilute solutions. 

6th. Hydrochloric acid or a chloride gives a white 
precipitate, soluble in excess of potassa. 

7th.' A lead salt is readily reduced on a piece of 
charcoal before the blowpipe, a bead of lead ultimately 
resulting in the centre of the point of fusion ; round 
which the charcoal will be seen to have absorbed a 
portion of yellow oxide of lead. 

Wlien lead has to be estimated quantitatively, it is 
usually precipitated as sulphate of lead, and the pre- 
cipitate washed, dried, and ignited in a porcelain cru- 
cible before weighing, the crucible being covered, as 
sulphate of lead is slightly volatile. 

It may also be precipitated as sulphide of lead by 
hydrosulphuric acid, or, lastly, as protoxide by potash. 

The analysis of a silver lead would be performed 
by solution of the specimen in nitric acid. Then 
largely dilute, and add a large excess of hydrochloric 
acid to throw down the silver. Chloride of lead is 
prevented from going down, by this dilution and ex- 
cess of acid. Then the lead is precipitated as sulphide, 
and the latter washed, dried, and weighed. 

The analysis of a galena for the amount of lead may 
be made by digesting a weighed quantity of the pow- 
dered ore in strong nitric acid, adding a few drops of 
sulphuric; thus it will be converted into sulphate. It 
is next evaporated to dryness, and the mass then ex- 
hausted by treating it with a strong solution of caustic 
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potaan. This will diasolve OQt the lead salt, leaving 
the earthy residue. The solution is then filtered, and 
precipitated by hydrosulphurio acid, which throws 
down all the lead as a sulphide. This is filtered, washed, 
and again oxidized by nitric and sulphuric acids. 
Lastly, the excess of the latter is driven off by evapo- 
ration, and the sulphate of lead ignited in a porcelain 
crucible and weighed. 
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CHAPTER Xlir. 

COPPER. 

Although ores of copper were probably earlier 
known than those of any other metal; it is likely that 
the production of the metal itself is an operation of 
comparatively recent date, and that in the smelting of 
early times, zinc or its ores were associated with the 
copper ore, and so the product was actually brass. 
Thus, in the Bible, we read of *'a land out of whose 
hills thou mayest dig brass." 

Cornwall and Swansea are now the great producing 
localities ^of this metal, but much is also sent from 
Australia, in the state of ore^ the latter being rich car- 
bonates, containing, on an average, about thirty per 
cent, of copper. North America, Siberia, and the Ural 
district furnish copper; the two former largely as na- 
tive copper, the latter as. a subsulphide. Ores from 
Chili and Cuba are also brought to Swansea for smelt- 
ing ; and, lastly, Saxony and Spain furnish copper ore. 
• These ores are as follows: — 

Ist. Native copper, found at times in immense 
masses, so that we have authentic accounts of large 
flattened masses being found in the neighborhood of 
Lake Superior (N. America), of fourteen to eighteen 
cwt. in weight. A broad, thin, and compact piece of 
fourteen cwt. is described as forty-two inches long by 
thirty broad and eight thick, and having its surface 
covered with specks of silver. Mr. Phillips states that 
masses of no less than one hundred and fifty tons 
weight have been found here ; and it is now a received 
opinion, arguing from analogous laboratory operatioiis, 
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that tbese masses, which, like gold nuggets, have all 
the appearance of haying been at some time in fusion, 
may have been formed by ehdctro-chemical agency, the 
sulphide of copper, on exposure to moist air, becoming 
sulphate^ which by the above means is reduced to the 
reguline state. 

2d. The most common of all copper ores is perhaps 
the ordinary copper pyrites, from which five-sixths of 
the copper in Great Britain is obtained. This is a 
natural combination of sulphide of copper with sul- 
phide of iron, sometimes combined in true chemical 
proportions, as in the mineral known as purple copper 
ore. In the majority of cases, however, the copper 
does not amount to more than twelve, or even six 
or eight per cent 

3d. The blue and green carbonates are the ores of 
Australia, and the beautiful Russian mineral known as 
malachite is a green carbonate. 

4th. The rarer ores are the red and black oxides and 
gray copper ore, the latter being valuable from the silver 
it contains, with occasionally also gold and platinum. 

About thirty -five per cent, of all British copper is 
supplied by the mines of Cornwall, but the great smelt- 
ing- works are at Swansea. Indeed, out of nineteen in 
operation in this country, seventeen are situated at 
Swansea ; and so extensive are these, that the atmos* 
phere for some miles round is thoroughly impregnated 
with the noxious fumes evolved. 

Previous to smelting an ore, it is most important to 
have a correct assay of its value; and for this purpose, 
although many excellent wet methods have been de- 
vised, in order to do away with the dry, which, although 
most simple, is an arduous and tedious operation, yet 
the manu&cturers far prefer the latter, as more assimi- 
lating the after actual operation upon the ore. 

The dry assay is thus made : About 60 grains of 
ore may be taken and powdered, then carefully ad- 
justed to the weight, and next roasted at a dull red 
heat to get rid of sulphur, arsenic, and volatile matters. 
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It is then mixed with a qaantity of glass of borax, and 
some argol, and exposed for from one to two hours to 
the strong heat of a Se&trom's or Griffin's gas furnace. 
On cooling and breaking the pot, if the operation has 
been successfully performed, a button of copper will 
be found under a layer of slag, which button only 
remains to be weighed. 

Many wet methods of volumetric assay have been 
devised. Thus Parkes makes a solution of cyanide of 
potassium, which has the property of decolorizing any 
solution of copper rendered more intensely blue by 
ammonia. Then, by experiment upon a known quan- 
tity of pure copper, he gets the value of his cyanide 
solution, and can then apply it to the examination of 
an ore. For this the latter is digested in nitric acid, 
BO as to oxidize and dissolve its copper; ammonia in 
excess is added, then a quantity of water; and next it 
is filtered ; then from a graduated burette the tested 
cyanide solution is dropped until it is decolorized, 
when the volume of solution used will indicate the 
quantity of copper present. But this process is diffi- 
cult of execution, from the difficulty of bringing the 
eye to appreciate the faint tints of blue towards the 
end of the operation ; then, again, the cyanide solution 
is by no means permanent: hence we cannot, as in 
the salt solution for wet silver assaying, make and 
store a quantity, but must be constantly preparing 
and verifying anew. 

Pelouze uses a similar means, which is probably 
preferable, because for his decolorizing solution he 
employs a more permanent one, viz., sulphide of so- 
dium ; but here, again, the first objection as to faint 
color operates as much as before. 

Therefore, on the whole (although still dependent 
upon the appreciation of color), the plan advised by 
Brown {Quarterly Journal Chem. Soc^ vol. for 1857, 
p. 65) is probably the best. He digests the ore as 
before, and when cessation of nitrous fumes indicates 
the complete solution of the metal, adds carbonate of 
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soda till a precipitate formed becomes jast permanent; 
then acetic acid is added, and an excess of iodide of 
potassium. In this way the copper is converted into 
a subiodide, and some iodine is set free ; when a few 
drops of starch added will color this deep blue. 

The estimation is then made by ascertaining the 
quantity of iodine so set free, by means of a standard 
solution of hyposulphite of soda, which, by oxidizing 
the iodine, destroys the blue tinge it has derived from 
the starch. This standard solution is made and yeri- 
fied by a known weight of some pure copper, treated 
in the same way as in the ore operations subsequently 
to be carried ouu 

Reduction of Copper. — This is effected from the sul- 
phide, on the large scale, by means of a series of no 
less than ten operations, six of which are essential, 
the remaining four being collateral ones upon certain 
slags, &c. 

These may thus briefly be reviewed in detail : First, 
a calcining operation is employed in a large reverbera- 
tory furnace, whose bed is large enough to contain at 
least three tons of ore. This is wheeled on to the top 
of the crown or arch in barrows, and then thrown in 




by the hoppers, A A, after which it is raked evenly 
over the bea. The Are is next raised to a moderate 
temperature, and maintained at this for some eight 
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hoars, care being used that it is not sufficiently high 
to fuse the surface, and so, by caking the mass, stop 
the evolution of volatile matters. At the end of two 
hours, during which much watery vapor and sulphu- 
rous acid are given off, the surface is furrowed afresh ; 
and this is done every two hours, and fresh fuel added, 
until as much of the volatile matters as possible has 
been dissipated. For this object twelve hours will 
generally be requisite, when the fire is urged, and 
afterwards the doors in the bed opened, and the charge 
raked into the vault, B — a most unwholesome operation, 
the workmen being exposed to sulphurous and often 
arsenical vapors. The furnace is not allowed to cool 
down, but a fresh charge introduced at once. 

The second operation is performed in a somewhat 
similar furnace, called the ore furnace. The object is 
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to separate the iron as a silicate, and convert the cop- 
er into disulphide, containing some oxide of copper, 
f the ore has contained a sufficient quantity of silicai 
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it 18 osed alone, otherwise some slag of other operations 
is added to furnish what is requir^. The bed of this 
furnace, A, is formed into a deep depression at one side, 
from which a channel, b, flows to a water-tank, c. 
This latter is provided with a cage and windlass for 
raising the matters sunk in it. At the back is an 
opening, D, for working the charge, and allowing the 
slag to flow out into the moulds, sees. 

The charge for this furnace is 1^ ton of calcined 
ore; it is about ^ the size of the calcining furnace. 
The ore being in, it is gradually heated to fusion, and 
maintained thus for half an hour, so that the matt, as 
it is called, may subside through the slag; then, at the 
end of about five hours altogether, the tap-hole is 
opened, and the fused coarse metal allowed to flow 
into the tank, by which it is granulated* Next, the 
slag is drawn out into the moulds placed at the back, 
and any copper contained in this slag subsides and 
collects at the bottom ; hence the cakes, on being re- 
moved from the moulds, are broken so as to separate 
the actual slag, the metal so recovered being added to 
that raised from the tank. The slag is chiefly silicate 
of iron, and the chemical changes of this operation 
consist mainly in the formation of this, with accom- 
panying evolution of sulphurous and sulphuric acids. 

A third operation is now commenced, in a furnace 
very much resembling the calcining one. It consists 
in roasting the granulated coarse metal for a period of 
24 to SO hours, at a high temperature. More sulphur 
is thus got rid of, and some of the sulphide of iron oxi- 
dized : the product is a compact, blackish, friable mass, 
called *^ calcined coarse metal." 

The fourth operation is for the conversion of this 
into ^' white or fine metal." For this the last product 
is mixed with rich ore, containing oxide of copper and 
silica, with but little sulphide of iron. The silica unites 
with any remaining iron to form a fresh slag of silicate, 
and any iron not so combined becomes oxidized at the 
expense of the oxide of copper added. By this ope- 
24 
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ration the whole oF the copper becomes disulphide, and 
the matt so obtained is cast into pigs. These (if the 
four operations have been well carried out) will contain, 
in 100 parts, Cu 73, Fe 6.6, S 20.5. The richer por- 
tion of them is contained on the upper part of the pig, 
and is sometimes sold as " best selected copper" at the 
market sales. 

The next four operations have been mentioned aa 
collateral ones, for they are not practised upon the 
product we have before us, but upon the slags collected, 
to which rich foreign ores are frequently added ; the 
details of these may therefore be passed over, but their 
product is added to that of the fourth operation. 

The ninth, or, if we do not enumerate the above four, 
the fifth operation, is for the purpose of getting rid of 
the sulphur, and producing "blistered copper." Some 
8^ tons of pigs are piled upon the floor of a reverbera* 
tory furnace, the orifices closed, and a quick fire got 
up. At first both the surface copper and sulphur of 
the metallic mass are oxidized ; but after a time the 
pigs fuse, and then a most violent reaction of oxide of 
copper upon the sulphide takes place, and the molten 
mass quite boils from the evolution of sulphurous acid ; 
the heat is therefore lowered, and the metal left to itself 
for a time, when a crust will form upon the surface, 
and this swelling and bursting, to allow of the escape 
of gases, which goes on for some 10 or 12 hours, stirs 
and breaks up the charge spontaneously, and much 
better than it could be effected by any mechanical 
means. Evolution of gas ceasing, the fire is again 
urged to a brisk red heat, when it will be again set up, 
and at the expiration of a further six hours or so the 
chief part of it will have been driven off; the heat is 
then raised to the highest, and the fusion of the whole 
mass, effected by this, brings about the union of the 
remaning metallic oxides with silica. The tap-hole 
of the furnace is then opened, and the reduced copper 
run off from the silicates, which are left as slag. The 
copper, running into moulds, constitutes blistered cop- 
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per; bat this is still wanting in tenacity, and so reqaires 
a refining operation: this being the tenth (or sixth) 
and last. 

In refining or toughening copper, a charge of about 
8 tons is operated upon at once, the process being 
carried out in a reverberatory having a large gate, so as 
to allow of the use of a very large body of fuel. By 
means of a tool resembling a baker's " peel," the ingots 
of blistered copper are introduced into the body of the 
furnace, and they are arranged in such a manner as to 
expose as much as possible of their surface to the action 
of the flame. After about six hours the metal begins 
to melt, and, when melted, a quantity of oxide of cop- 
per is generally formed ; this will be partly diffused 
through the melted mass, and part will go to oxidize 
any iron which may chance to be still remaining in it. 
The evidence of the presence of oxide still in the 
metal is afforded by taking out a portion, and, when 
cool, breaking it, when it will be found to be of a Yery 
coarse brittle texture, and its bright red color very 
much darkened by the oxide. After about 18 hours, 
any oxides remaining will have united with the silica 
furnished by the sand adherent to the ingots. The 
heat is then kept up for some 2 or 8 hours longer: 
after which the scoriae are raked off the bath, and the 
metal is said to be ready for refining; and this, having 
for its object the reduction of the diffused oxide of cop- 
per above mentioned, is effected as follows: — 

The surfiEU^ of the bath is first covered with pow- 
dered charcoal or anthracite, so as to protect it as much 
as possible from the action of the air, and at the same 
time to furnish material for the withdrawal of oxygen. 
Next, in order to bring all the metal under the influ- 
ence of the carbon, it is vigorously stirred with poles 
of green birch wood, the fire at the same time being 
shut off from it This is a very old practice, but one 
which has not hitherto been superseded : it is called 
** polling the copper." 

The evolution of carbonaceous gases, upon stirring 
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tbe melted mass with these, reduoes any oxide of 
copper in their passage through the melted bath ; 
inaeed the first efiect of the introdnction of the poles 
into the bath is to produce a violent commotion in the 
molten matter, and this is kept up some 26 minutes, 
the charcoal powder being at the same time supplied 
as it burns away. 

But the duration of this work is determined by con- 
stant trials of the metal during its progress being made 
by the assayer. When he finds that the product is 
satisfactory as to color, fracture, &c., he directly stops 
the polling, or the product would be deteriorated by 
it : the metal would become what is called '' over- 
polled." The examination is made bv taking out a 
small bead of metal, and plunging it suddenly in water; 
a cut surface is then made, in which a fibrous grain 
should be perceptible, and the color should be brilliant 
with a silky lustre ; at the same time its brittleness is 
tested by bending. 

The efiect of over will be the same as under-polling, 
as far as regards the application and use of the metfd, 
for in both cases it will be harsh and brittle. In the 
latter this depends, as has been already stated, upon 
the presence of oxide ; but in the former it is probably 
from a carbide of copper being formed. If this state 
has been arrived at, the remedy consists in skimming 
ofi^all the charcoal, and exposing the melted metal to 
a current of air passed through the furnace, again 
stopping this when the proper state of texture has been 
arrived at. 

The polling properly performed, the fire is again 
renewea, the scorise removed, and a few shovelfuls of 
charcoal thrown afresh over the surface. Lastly, the 
copper is dipped out by means of clay*coated ladles, 
and cast into ingots. 

TEe process of copper-smelting thus described is the 
one usual in England; and, although many patents 
have been taken out for improvements, the principles 
of the majority are the same, their merit, if any, con- 
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sisting in shortODing the series of operations. One 
operation, however, may be mentioned here as an 
example of a different class : by it the oopper ore or 
sulphides are powdered, mixed with nitrate of soda, 
and then roasted with exposure to the air; thus the 
sulphides are converted into sulphates, and these, with 
the sulphate of soda also, are dissolved out of the result- 
ing mass in a tank of water, and the gangue allowed 
to subside; lastly, from the clear metallic solution the 
copper is precipitated by means of metallic iron. By 
this means of precipitation the water of copper*mines 
may have the copper reduced out of it. 

Although commercial copper is often very nearly 
pare, yet it frequently contains traces of tin, iron, lead, 
silver, and also arsenic and antimony. When either 
of the latter are present, they materially injure the 
working qualities of the copper. Dr. Miller states that 
10 ounces of antimony in a ton of copper will render 
it quite unfit to make brass which is required for roll- 
ing. A sma^l proportion of tin will increase the tenacity 
of copper ; if the quantity be large, it hardens it too 
much — in fact^ produces bronze. 

Of all varieties of copper the Japanese is the purest, 
but the following methods will produce chemically 
pure copper: — 

Ist. Electrical precipitation by means of the battery. 
If the poles of a voltaic arrangement be immersed in a 
solution of sulphate of copper, the latter metal will be 
deposited in a solid state upon the negative pole, and, 
when washed and dried, is quite pure. 

2d. It may be obtained comparatively pure by ig- 
niting copper for half an hour in a covered Hessian 
crucible, having added one-third its weight of nitre. 
This addition oxidizes the traces of those metals with 
which it is contaminated. 

Copper may be obtained in a pulverulent state by 
boiling a concentrated solution of sulphate of copper 
with distilled zinc. The copper solution must not con- 
tain any free acid. As soon as the blue color of the 

24* 
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salt disappears the ssinc is taken out, the solution 
poured oflf the subsidized copper, and the latter washed 
with some very dilute sulphuric acid. This is then 
poured off, and the powder washed with hot distilled 
water. It is then pressed between folds of bibulous 
paper and carefully dried, and it is even better to dry . 
it in a flask into which a current of hydrogen gas is 
passed. If required for amalgamating with mercury, 
it may be used moist, just as washed. Thus obtained 
it is a reddish-brown powder when dry, which, when 
heated and rubbed with a burnisher, will weld into a 
solid mass of metallic copper. 

Properties. — Copper is perfectly red in color. It is 
sometimes found crystalline, either in cubes or octo- 
hedra, and it may be deposited in these forms by 
voltaic action if this be carried on very slowly. It is 
very ductile and tenacious as well as malleable. Cop- 
per fuses at 1996^, and is very little volatile; in those 
volatilized deposits where copper has been supposed 
to have been carried of^ the suboxide will be mixed 
with it. It expands on solidifying, and absorbs oxygen : 
by some this is stated to be similar to the absorption 
of that gas by silver, but I believe it is a surface oxi- 
dation only. Copper is unacted upon by the air at 
ordinary temperatures, notwithstanding the moisture 
which may be present in it. It is readily soluble in 
nitric acid with evolution of nitrous fumes. By sul- 

Ehuric acid it is only acted upon by the assistance of 
eat. Hydrochloric acid acts slowly upon it, but if 
air be excluded it is inactive. 

Ammonia in like manner dissolves it if air assists, 
but potassa or soda is inactive upon it. 

The specific gravity is about 8.98, varying slightly 
according to its state. It has a peculiar and disagree- 
able odor when heated, and a corresponding taste. 
Symbol, Cu. Equivalent, 81.7. 

Compounds. — There are two compounds of copper 
with oxygen, viz., a suboxide and a protoxide, and there 
are precisely corresponding chlorides and sulphides. 
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The suboxide of copper may be formed by beating 
the protoxide with finely divided copper (as filings) 
in the proportion of five parts of the former with 
four of the latter; in this way, when decomposi- 
tion has taken place, by raising the heat to redness 
we get a fased mass. But in the laboratory it is 
commonly obtained in a red crystalline powder, con- 
sisting of octohedral crystals, and by boiling equal 
parts of the diacetate of copper with ^ sugar, and in 
four parts of water for about two hours. Suboxide 
of copper forms subsalts, but these are not very stable, 
being readily converted into salts of the protoxide by 
absorption of oxygen. The chief use of this oxide is 
as a stain in glass- working. From it are produced, 
when pure, a most beautiful carmine red, as also 
several other tints, ranging from orange to deep red, 
by miking with it a proper proportion of sesquioxide 
of iron. 

The brilliant reds of some early specimens of stained 
glass were due to this oxide, but in employing it much 
care and judgment are required, because from its un- 
stable nature it is very liable to become protoxidized 
in the fire. And, again, its power is so intense, that 
unless the quantity employed be very small, it will 
render the glass almost opaque. Composition, Cu^O. 
Equivalent, 71.4. 

Protoxide. — This is obtained in a state of purity by 
dissolving pure electrotype copper in nitric acid, and 
evaporating to dryness. The resulting salt is then 
slowly heated to redness in a clay crucible, the acid is 
thus separated and decomposed, and the oxide leH;. 
It may also be obtained as a hydrate, by decomposing 
a pure copper salt by means of potash, a bulky blue 
precipitate falls ; this may be rendered anhydrous by 
boiling in water after it has been well washed. This 
oxide is soluble in acids, producing blue (and occa- 
sionally green) salts. It is soluble in ammonia, and 
hence this alkali, in place of permanently precipitating 
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it from its sola tions, colors tbem an intense blue; from 
this solution faydrated crystals will deposit, composed 
of oxide of copper combined with ammonia and water. 
If the protoxide of copper be employed in enamelling 
or glass-staining, a green glass will be produced. Com- 
position, GuO. Equivalent, 39.7. 

A subsulpbide of copper may be formed by heating 
together the proper proportions of sulphur and copper. 
It is the produce also of the fourth operation in ordi- 
nary copper-smelting known as "fine metal." Com- 
position, Cu,S. Equivalent, 79.4. 

Protosulphide of copper is the precipitate obtained 
in ordinary solutions of copper by the addition of 
hydrosulphurio acid. Thus formed, it is a dark-browa 
hydrate, soluble in nitric acid, and converted even by 
exposure to air into sulphate of copper. It may like- 
wise be formed by heating together sulphur and copper 
filings in proper proportion. It is also precipitated 
by sulphide of ammonium or sulphide of potassium, 
but in the former salt it is slightly soluble. Compo- 
sition, CuS. Equivalent, 47.7. 

Alloys. — With mercury copper amalgamates, but the 
amalgam must be formed with a little management, for 
the metals do not readily combine. The best method 
of obtaining an amalgam is by adding to a quantity of 
the pulverulent copper described at page 282, a little 
nitrate of mercury. Thus the copper becomes well 
coated with mercury ; this done, the mercury is poured 
upon it, and it may be to the extent of two or three 
times the weight of the copper, then by rubbing the 
metals in a mortar union of the two will be effected ; 
and, lastly, perfect mixture is completed by gently 
warming in a crucible. 

Copper may be mixed with silver in all proportions, 
and the chief use of this alloy is for the formation of 
coin and plate. Silver is much hardened by mixture 
with copper, and in small amounts copper does not 
much color silver; where, however, the quantity is 
considerable, the color of the alloy becomes perceptibly 



OOPPBR. 286 

yellow, while it is also rendered very hard. In Eng- 
land the proportions used for coin and plate are eleyen 
ounces two pennyweights of fine silver to eighteen 
pennyweights of copper, or decimally Ag 925 + Ca 76. 
This is a well-wearing alloy, but finer even than this 
is used for the striking of medals. Again, the Indian 
rupees are composed of 947 silver to 63 of copper. 
Of continental coins the bulk are decimally alloyed. 
Thns, French five-franc pieces, and French silver coin 
generally, are composed of silver 900 to copper 100 ; 
but some of the silver coin of Germany and Prussia is 
very coarse. Thus, Prussian thalers are 811 Ag + 
189 Cu. The German 24*kreDt2ser pieces, 686 Ag + 
414 Cu; and the Prussian pieces of five silver groschen 
contain only 283 Ag to 717 Cu. Hence the latter after 
a little wear have all the appearance of copper. 

Alloys of gold with copper have already been alluded 
to (page 222). Copper hardens gold yerj much, and 
when the copper is in any considerable quantity the 
gold is apt to be rendered more or less brittle by it, 
especially if the former metal be not thoroughly pure; 
hence great care is requisite in selecting copper for this 
purpose. At our mint the kind known as ^*shot cop- 
per" is employed, as being a pure kind ; it is made by 
fusing the metal and pouring it through perforated 
ladles into a cistern of cold water. In our own coin 
916.6 parts of fine gold are alloyed with 83.8 of alloy, 
which may even be all copper. In France, Holland, and 
America the same decimal system is pursued as with 
the silver coin, viz., nine hundred parts of gold are 
combined with one hundred of alloy ; and in coin in 
which this alloy is all copper the metal is rendered 
very hard, but when carefully alloyed it is nevertheless 
not at all brittle. 

Copper and platinum in equal proportions form an 
alloy much resembling gold in color. The specific 
gravity is also the same, but the metals require the 
strongest white heat for their combination. 

Copper alloys with palladium, but the heat required 
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for their union is also very great. Eqaal parts of tbe 
two metals form a light brass-colored alloy, rather 
brittle, bat Mr. Cock formed a ductile white alloy of 
four parts of copper to one of palladium. Copper and 
lead form a brittle alloy; indeed, when the proportion 
of lead is only a thousandth that of the quantity of 
copper, the latter is rendered very unworkable. If the 
quantity of lead be a hundredth of that of the copper, 
Karsten states that the copper will be quite useless. 
Copper alloyed with zinc in various proportions forms 
the different kinds of brass. With tin it yields a 
variety of compounds, of which bronze is the chief. 
Lastly, with zinc and nickel, it forms Oerman silver. 
These alloys will be examined in their appropriate 
places. 

Discrirninaiwn of Copper. — Hydrosulphuric acid or 
sulphide of ammonium, both throw down a brownish 
black precipitate. This is at first a hyd rated sulphide. 

Ammonia, or its carbonate, gives a blue precipitate, 
which is immediately dissolved in excess, producing a 
deep blue solution. Potash or soda precipitates a light 
blue hydrated oxide, which on boiling becomes brown 
and anhydrous ; and the effect of fixed alkaline car- 
bonates is ultimately the same, although at the first 
precipitation of the copper, it falls as a hydrated car- 
bonate, the water and carbonic acid being driven off 
by boiling. 

Ferrocyanide of potassium gives a very characteristic 
brown precipitate, soluble in ammonia. If the latter 
be evaporated from such a solution, the ferrocyanide 
of copper is left unchanged. This precipitate is inso- 
luble in hydrochloric acid. If a bar of iron be placed 
in a solution containing copper, the latter will be pre- 
cipitated upon the bar in a metallic state; and tin em- 
ployed in the same way throws the metal down as a 
black powder. When a copper salt is heated in the 
blowpipe-oxidizing flame it will communicate a green 
tint to it ; and if it be heated in the reducing flame, 
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upon a piece of charcoal, and with a little carbonate of 
Boda, as a flux, we get a bead of metallic copper. 

JEsiimaiiim of Griper. — This may be done by throw- 
ing it down as a sulphide, or as an oxide ; but the 
latter method is the best. If the solution ander exa- 
mination contain only copper, or at any rate no other 
metal whose oxide is thrown down by potassa, we have 
only to add an excess of caustic potassa, and well boil 
the precipitate, and then wash, dry, and weigh. In 
analyzing a mixture of mercury and copper the amal- 
gam is dissolved in nitro-hydrochloric acid, and having 
nearly neutralized the excess of acid by potassa, we 
add a quantity of formiate of potassa, and digest at 
about 180° F. Thus the mercury will be precipitated 
as subchloride; this may be collected on a filter, 
washed, dried, and weighed. Then the copper is to 
be separated and estimated as above. 

The analysis of a mixture of gold, silver, and copper 
has been already given at page 224. 

In cases where copper is associated with metals 
which are not precipitable by hydrosulphuric acid, the 
former may be separated from them by throwing it 
down as a sulphide, by means of that reagent. But 
the sulphide of copper after being filtered away must 
be well washed with water, to which a little hydro- 
sulphuric acid should be added to prevent oxidation. 
This done, the precipitate is to be digested in nitric 
acid, and when dissolved and the solution diluted, the 
copper may be precipitated by potash, as above di- 
rected. 
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CHAPTER XIV. 



BISMUTH. 



This metal has been known for about three centu- 
ries, although it is not plentiful, nor are its applications 
yerj extensive. It is found principally native, in a 
matrix of quartz, but it also occurs as bismuth blende 
(a sulphide); bismuth glance; and also in association 
with lead and copper, in needle ore ; sometimes with 
copper alone, and frequently with silver. Bismuth is 
obtained largely at Schneeberg in Saxony, also in 
Bohemia and Transylvania. It is also found at Stirling 
in Scotland, and in England in parts of Cornwall and 
Cumberland. 

The metallurgy of bismuth is very simple. The 




native metal is operated upon in tubular iron retorts A, 
these are arranged in a horizontal row of three or four, 
and inclined from the upper to the lower end, as shown 
in the section here given. From the upper end the 
brickwork is gradually bevelled downj towards a trough 
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containing water, D; wUle below the lower end is 
placed an iron basin, c. Lastly, above each retort are 
a couple of holes made through the brickwork of the 
roof, B B, whereby the draught to each can be increased 
or diminished at pleasure, by opening or stopping them 
as required. 

In operating, the tubes are charged at their upper 
ends with about 56 lbs. of native ore. Heat is then 
applied, and in an already hot furnace, the metal will 
begin to flow in about ten minutes. A small rake is 
then introduced by the doors at the upper ends, B, and- 
the ore so opened below, as to allow of a free passage 
of the fluid metal down to the lower end ; thence it 
flows into the iron dishes, where it is protected from 
the oxidizing action of the air, by a covering of pow- 
dered charcoal. When the whole of the metal is thus 
fused out, which will generally be in some 40 minutes, 
the silicious residue is raked out by the upper door, 
and allowed to slide down the incline into the water 
below. 

These furnaces are heated at Schneeberg by wood, 
and a brisk but well-regulated draught kept up during 
distillation ; the holes in the roof serving to direct the 
current of heat to each retort. 

The metal so obtained is not, however, pure ; it gene- 
rally contains a variable proportion of silver. This 
may be separated economically by cupellation, just as 
in the case of silver lead ; and the oxide of bismuth 
decomposed again by a reduction operation. Indeed 
bismuth cupels so well, that it may be used to substi- 
tute lead for that operation upon the small scale. 

But the chief impurities of commercial bismuth are 
sulphur, traces of arsenic, and also of lead and iron. 
If lead, iron, and silver, are not present, the two former 
impurities are easily got rid of by simply fusing the 
bismuth with a little nitre, when they will be oxidized 
and separated. But, perhaps, in all cases the best 
method of purification is the following : — 

Dissolve the crude metal in nitric acid, and then 
25 
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ooDcentrate the solution by evaporation. Next pour 
tbe clear eolation into a large balk of distilled water. 
It will be thus decomposed, and a white sparingly so- 
luble powder falls, which is a subnitrate. This is to 
be removed, and digested for a time in a little caustic 
potash, whereby any arsenious or arsenic acids present 
will be dissolved. Next the subnitrate is to be well 
washed, dried, and heated with about one-tenth its 
weight of charcoal in an earthen crucible; thus the 
salt is reduced, and the bismuth subsides in the pot in 
a state of purity. 

Properties, — Bismuth is of a reddish-white color, 
hard, and readily broken up from its crystalliue struo- 
ture. It crystallizes in rhombohedra, nearly approach- 
ing the cube, as their angles vary very little from right 
angles. These may be formed artificially in beautiful 
masses, by melting a quantity of the metal in a pot, and 
after removing it into some glowing coals, or heated 
sand, allowing the bulk to cool slowly ; and in order 
to prevent the cooling action commencing at the upper 
surface, the heat of this is kept up by covering the 
pot itself with a shallow iron basin, into which a quan- 
tity of hot fuel is placed. As soon as a crust of metal 
is presumed to have formed round the sides, this top 
is pierced at one side by a red-hot iron, and the re- 
maining fluid metal poured out. If then when cold 
the upper covering be sawn off, the whole interior 
surface will be found to have crystallized in most reg- 
ular forms of hollow cubes and tetrahedra. 

Bismuth fuses at about 610^, and when added to 
other metals it lowers their melting points in an ex- 
traordinary manner. It volatilizes at a high tempera- 
ture, and may even be distilled, although with some 
difficulty. If the metal be exposed at a very high 
temf)erature, it burns somewhat like zinc, with a 
bluish flame, giving off fumes of yellow oxide. 

At ordinary temperatures exposure to air does not 
affect it ; but at a red heat it is rapidl v oxidized, and 
hence the crystals formed as described above always 
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exhibit a beantifQl play of colors, dependent upon tbe 
formation of a thin film of oxide, by the agency of the 
air npon them while still hot Nitric acid dissolves 
the metal readily; sulphuric atoid only upon boiling; 
and hydrochloric acid has but little influence on it 
Its specific gravity varies from 9.660 to 9.799, accord- 
ing to its condensation, which state may be increased 
by powerful pressure. Its symbol is Bi. Equivalent, 
210. 

There are three oxides of bismuth. The first, or 
teroxide, is the base of the salts of this metal. From 
this an acid oxide may be prepared, sometimes called 
bismuthic acid ; and, lastly, these two oxides unite to 
form a third, but this latter may perhaps be properly 
regarded as a salt, wherein an equivalent of teroxide 
18 united as base, with an equivalent of bismuthic acid, 
as the acid of the combination. The ordinary oxide of 
bismuth of commerce, or teroxide, may be prepared in 
the dry way, by heating the subnitrate (as formed for 
the preparation of pure bismuth) in a porcelain crucible 
to a low red heat; thus the nitric acid is driven o£^ 
and a yellow powder remains, which is anhydrous 
teroxide. 

In the hydrated state this oxide is a white powder, 
and may be obtained by the addition of ammonia in 
excess to a soluble salt of bismuth. The composition 
of the anhydrous oxide is BiO,, and its equivalent 
two hundred and thirty-foar. In tbe hydrous oxide 
this is in combination with one equivalent of water. 

There is a corresponding sulphide thrown down 
when we treat a solution of bismuth with hydrosul- 
phuric acid or sulphide of ammonium : this precipitate 
when washed and dried is a black powder. But the 
sulphide may be formed by fusing the proportions of 
sulphur and bismuth together in a covered crucible; 
thus prepared it is a metallic-looking solid of a dark 
gray color. Composition, BiS^. Equivalent, 258. 

Allays. — Bismuth readily amalgamates with mercury. 
Thus, if bismuth is fused, and then twice its weight of 
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hot mercary be added, a pasty amalgam is obtained, 
which after a time becomes granular, harder, and partly 
crystalline. Gmelin states that as a small quantity of 
bismuth diminishes the fluidity of mercury very 
slightly, it is used to adulterate the latter; but the 
adulteration may be detected by shaking the mercury 
with air, when a black powder will speedily separate. 

Bismuth and silver, when fused together in equal 
parts, form an alloy tending to the red color of bismuth. 
It is very brittle and scaly in texture, and nlay be 
cupelled, whereby the whole of the bismuth will be 
separated by oxidation, and a mass of pure silver left. 
Bismuth may in like manner be separated from its 
alloy with gold. 

Bismuth may be alloyed with platinum, and also 
with palladium. The metals being readily fused to- 
gether. In the former case one part of platinum may 
be combined with two of bismuth, and for this it is 
better to use finely divided or sponge platinum. Palla- 
dium may be combined with its own weight of bis- 
muth. In both the alloy is gray, brittle, and easily 
fusible. 

Bismuth and copper may be alloyed, but the mixture 
renders the copper harder, and brittle in working. 
Karsten states that even 0.6 per cent, of bismuth will 
cause the alloy to crack at the edges when hammered. 
One part of copper with four of bismuth has a thorough 
red color, and the scaly texture of bismuth. 

Bismuth when alloyed with lead produces an alloy 
of greater density than the mean ; and if the former 
be added in small quantity only, the lead is rendered 
more tough, but without becoming brittle ; but if the 
two are combined in equal proportions, the alloy has 
the properties of bismuth, viz., it is reddish in color, 
and brittle and laminar in texture. 

The alloys of bismuth, formed with lead and tin, 
constituting fusible metal and some kinds of solders, 
&0., are the more important ones, and will be described 
under the article tin. 
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Detection of Bismuth. — ^The salts of this metal are 
for the most part devoid of color, some are soluble, 
others insoluble ; the soluble salts redden litmns paper ; 
and when the water is in considerable quantity, and 
contains but little free acid, they are decomposed and 
deposit more or less soluble subsalts. In the case of 
the subnitrate so formed, it is slightly soluble, but the 
subchloride, on the other hand, is qnite insoluble. 
The above property of forming subsalts is very char- 
acteristic. 

Hydrosulphuric acid, or sulphide of ammonium, 
throws down a black sulphide, insoluble in excess of 
these precipitants. This sulphide is decomposed, and 
dissolved by strong boiling nitric acid. 

The alkalies, potash, soda, or ammonia, throw down 
white hydrated oxide. Upon boiling this precipitate, 
it becomes yellow. Chromate of potash throws down 
a yellow chromate of bismuth, wnich may be distin- 
guished from the corresponding lead precipitate in 
being soluble in dilute nitric acid, and insoluble in 
caustic potash. 

The metals, tin, copper, iron, or zinc, throw down 
bismuth in the metallic state. And, lastly, if we heat 
a salt of bismuth with carbonate of soda in the blow- 
pipe-reducing flame, we get a bead of the metal, sur- 
rounded by a crust of yellow oxide. This may again 
be distinguished from lead, by the brittleness of the 
bead under the hammer. 

JEslimation of Bismuth. — This is invariably done as 
oxide, the precipitation being first effected by an 
alkaline carbonate, as that of ammonia, the bismuth 
compound having been previously in solution in nitric 
acid ; for this precipitant must not be employed to a 
hydrochloric solution of the metal. The carbonate of 
bismuth so obtained must be dried and ignited, and is 
then ready for weighing ; 89.74 per cent, of the whole 
will be metal. 

In precipitating a bismuth solution by hydrosul- 
phuric acid the salt is diluted with water containing a 

25* 
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little free aoetio acid; this prevents asabsalt falling, 
which wonld be the case if pure water were used. The 
sulphide is then thrown down by the addition of HS. 
Or in place of this treatment, we may take the bis- 
muth solution, and just neutralize any free acid by 
ammonia, and then precipitate by sulphide of ammo- 
nium. In either case the sulphide cannot be weighed 
to obtain a correct result, as it is apt to contain firee 
sulphur, consequently the filter and its contained 
sulphide are treated in a beaker with strong nitric 
acid and heating. The salt so obtained is diluted with 
acidulated water, and again filtered, after which the 
bismuth is precipitated by carbonate of ammonia, as 
before described. 

To insure its complete precipitation bj carbonate of 
ammonia the beaker contamiog the solution must stand 
exposed to the air for 3 or 4 hours, because on the first 
addition of the ammonia salt, some of the carbonate 
of bismuth formed is redissolved, but by this exposure 
it will again completely separate. 

The analysis of a mixture of bismuth and lead is 
made by dissolving the alloy in nitric acid. Then on 
adding to this an excess of caustic potassa, the oxides 
of lead and bismuth will be precipitated, but the lead 
oxide is at once redissolved by the alkali. The oxide 
of bismuth is to be filtered out, washed, ignited; and 
weighed. 

The filtrate, containing the lead, may next be treated 
with excess of hydrosulphurio acid, and the sulphide of 
lead converted into sulphate, as described at page 270. 
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CHAPTER XV. 

ANTIMONT. 

The chief ore of antimony is the tersulpbide, and 
this is the source of very nearly the whole of the anti- 
mony of commerce, although the meta) does occur 
native ; and, besides this, its sulphide is found in com- 
bination with that of silver, also with lead and copper, 
and in various other associations with lead, iron, cop- 
per, bismuth, or arsenic. 

As the sulphide is contained in a matrix consisting 
of quartz, limestone, and heavy spar (or sulphate of 
barytaX the first operation preparatory to obtaining 
the metal consists in separating the sulphide from this 
gangue, which requires some care, as the antimonial 
sulphide* is very volatile, and consequently much loss 
will arise if the heat employed be not carefully regu- 
lated. In Oermany and some of the French works 
(and these countries supply the bulk of the antimony), 
the operation is effected in simple reverberatory fur- 
naces, wherein the bed is made concave, and from its 
lowest point a channel is formed to convey the fused 
sulphide into proper receptacles ; but as in these the 
above loss may be large without much care, the plan 
used at the French mines at Malbose may be given as 
by far the best method. 

At these mines the operation is performed in a rever- 
beratory fumacC; but constructed with a dome-shaped 
arch, that is, arched each way ; underneath this is placed 
a set of four fire-clay cylinders or retorts, A, which rise 
perpendicularly through rather larger openings in the 
arch ; these openings l^iing covered by fire-clay covers. 
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Tbe cylinders stand perpendicularly upon the strong 
cover of an oblong chamber formed below on each 

Pig. 44. 




side, wherein a crucible, B, is placed immediately below 
each cylinder for the purpose of receiving the liquid 
sulphide, which passes from the clay cylinder down 
into the crucible by a hole in the chamber cover. The 
grates run from back to front, and are placed on each 
side of the crucible chambers at about the level of the 
pots, the heat being allowed to pass into them by flues. 
In working, the crude ^re is put into the clay cylin- 
ders, and wood fires are kindl^ upon the grates, the 
draught of which is kept up by a chimney which rises 
over each pair of cylinders. As the sulphide fuses out 
of the ore it passes down, and is received in the cruci- 
ble below; the latter, being of cast-iron, is lined with 
clay, in order to get the cake of sulphide out more 
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easily when cold. The operation upon a charge of 
ore occupies about 3 hours. 

The product so obtained is commercial crude anti- 
mony, which is really a sulphide. From this the metal 
is obtained by first powdering it, and then heating 
upon a reverberatory bed, a roasting or dull red heat 
being employed. By this much of the sulphur is 
driven off, together with any arsenic which may have 
been present; some oxide of antimony is generally 
lost, also, during this roasting. The two former escape 
as sulphurous and arsenious acids. The residue, which 
consists of a mixture of teroxide and tersulphide of 
antimony, is now worked up with one-fifth its weight 
of charcoal, which has been previously saturated with 
a strong solution of carbonate of soda. This mixture, 
placed in crucibles, is heated in a wind fiirnace to 
bright redness : thus the metal is reduced and sinks 
to the bottom of the pots, under a slag composed of 
sulphide of sodium with sulphide of antimony. This 
latter is separated from the pure metal and sold as 
** crocus of antimony." The yield of metal, owing to 
this and other loss during its extraction, always falls 
short of the equivalent contained in the ore. The 
metal itself is known as "regulus of antimony." 

Chemically pure antimony is best obtained by 
Wohler's method, which is as follows : Four parts of 
metallic antimony are powdered with two of dried 
carbonate of soda and five of nitrate of soda. This 
mixture is heated to redness, when oxidation of the 
antimony and arsenic (if the latter be present) takes 
place at the expense of the oxygen of the nitrate of 
soda, and antimoniate and arseniate of soda are formed. 
When deflagration ceases, the pasty mass is kept over 
the heat for about half an hour, the operator now and 
then squeezing it with an iron spatula ; after which it 
is removed, and when cold, powaered and thrown into 
boiling water; this dissolves away the arseniate, while 
the insoluble antimoniate is left; this is well washed 
with hot water. It is then removed, dried, and fused 
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with half its weight of crude tartar. The prodact of 
this fusion is next broken up and thrown into water: 
a copious evolution of hydrogen is at once set up from 
the oxidation of the potassium, for the mass so treated 
is an alloy of antimony and potassium. The residue 
of this action is a powder composed of antimony, with 
any iron and lead which may have been contained in 
the original metal. To remove these, about one-third 
of the powder is treated with nitric acid, so as to 
oxidize it; this portion, when washed and dried, is 
mixed with the residue of the metallic powder, and 
the two fused together in a covered crucible, by which 
the pure antimony is separated and subsides under a 
slag composed of the foreign oxides. 

Properties, — Antimony is a bluish-white metal, 
which, from its crystalline nature, readily breaks up, 
showing beautiful clean facets. The surface of a fused 
mass of the metal is commonly, when cooled, covered 
with stellate crystals. It fuses at 8.40^, and volatilisses 
at a white heat. By a slow cooling it may be obtained 
in distinct rhombic crystals. If exposed to air during 
fusion, it is speedily oxidized ; but at ordinary tempe- 
ratures it is not acted upon by the air. It is soluble 
in hydrochloric acid aided by heat, hydrpgen being 
evolved ; but by nitric or sulphuric acid it is oxidized. 
In the former case a white insoluble oxide results, and 
in the latter a sulphate also insoluble, sulphurous acid 
being evolved. Aqua regia, like hydrochloric acid, 
will convert the metal into a chloride of antimony. 
The specific gravity of antimony is 6.714; its symbol, 
Sb; Equivalent, 122. 

Combinations. — With oxygen, antimony forms three 
compounds : the first, or teroxide has basic properties, 
and is, indeed, the base of all salts of antimony; the 
other two have, on the contrary, acid properties. 

The teroxide is readily formed by oxidizing the 
metal by means of strong sulphuric acid and heat: 
thus, as has been before stated, on evaporating all the 
residual acid away, a white powder is lefb — the sul- 
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phate of the oxide in question ; bat to free this entirely 
from snlphuric acid, it is digested in a solution of an 
alkaline carbonate, washed and dried. 

It may be formed in the dry way by burning anti- 
mony in a crucible wherein the air is free to enter : 
thus, white fumes of oxide (or flowers of antimony) 
may be condensed in convenient vessels. There is 
also a scarce ore of antimony found native, called 
white antimony ore : this is composed of the teroxide. 

All salts of this oxide are violently emetic, and the 
ordinary tartar emetic is formed by combining it with 
bitartrate of potash, whereby a compound is produced 
of neutral tartrate of potash with tartrate of antimony. 
Composition, SbOy Equivalent, 146. 

Antimonious acid may be obtained as a white inso- 
luble powder by heating aiitimonic acid, or nitrate of 
oxide of antimony to redness. This compound, as 
also the teroxide, become yellow by heating, but re- 
cover their white color as they cool. This is a com- 
bination of one equivalent of antimony with four of 
oxygen, but regarded by some as a compound of anti- 
monic acid with teroxide of antimony, and hence a 
salt wherein one oxide plays the part of acid, and the 
other of base. Thus its composition must be doubled, 
and taken as Sb,Og; that is, SbO, + SbO^ 

Antimonic acid is prepared by heating the metal in 
aqua regia until dissolved, then evaporating to dryness, 
and subsequently heating the mass with a fresh portion 
of nitric acid. 

Or, by boiling antimony in nitric acid to dryness, 
and then heating to incipient redness. Thus a lemon- 
colored powder is left, composed of SbO^, which is 
antimonic acid. It is quite tasteless and insoluble, but 
reddens moist litmus paper. 

The compound known as "butter of antimony'' is a 
terchloride. It may be obtained by digesting sulphide 
of antimony in strong hydrochloric acid with the addi- 
tion of about a fourth its weight of nitric. This is 
heated until the solution from a deep yellow becomes 
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colorless. If it be evaporated, and the residue then 
removed and distilled, a white, semi-transpareDt crys- 
talline solid is obtained, of about the consistence of 
butter. The retort used must be wide-necked, or the 
product will condense in it and so stop it up. This 
solid bod; is very deliquescent, and fuses to a colorless 
oily liquid, which fumes in the air, and which, when 
thrown into water, is decomposed, an oxychloride 
being precipitated. Composition, SbCIg. Equivalent, 
228.5. 

A perchloride of antimony may be formed by passing 
dry chlorine over a quantity of powdered antimony, 
the latter being slightly heated. In this way the metal 
may be said to be dissolved by the gas, and a dense 
liquid is the result. When pure it is white ; if it has 
a yellow tint, it contains chlorine in solution. This is 
very volatile, and evolves white dense fumes on expo- 
sure to the air. It is a pentachloride, having the com- 
position SbCl,. 

There are two sulphides of antimony — a tersulphide, 
SbSjf and a pentasulphide, SbS^ 

The first, or tersulphide, is the one contained in the 
ordinary ore of antimony. It may also be prepared in 
the wet way, by digesting Kermes' mineral with tar- 
taric acid. This is a compound of tersulphide and 
teroxide of antimony, with a portion of potassa. On 
heating this in tartaric acid, the oxide of antimony and 
the potassa are both dissolved out, and pure tersulphide 
is left. 

Again, when we pass hydrosulphuric acid into an 
antimonial solution, we get the same substance precipi- 
tated as a peculiar orange-colored precipitate. 

Both this and the pentasulphide combine with sul- 
phides of the alkalies, and form (by acting as sulphur 
acids) sulphur salts. What is known as "Kermes' 
mineral" is a preparation formed by boiling tersulphide 
of antimony with an alkaline carbonate. In this way 
a powder is deposited, of variable color, according to 
its method of preparation, but being commonly of a 
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brown or reddish brown, Tbe treatment of tbe snl- 

f)bide with carbonate of potash is said to afford the 
argest product, but it is of a finer red color where 
carbonate of soda has been employed. Golden sulphide 
of antimony may be obtained by adding hydrochloric 
acid to the liquid whence the Kermes has been depos- 
ited. Thus the sulphide of antimony retained in solu- 
tion falls as a fine bright red powder. Both these 
compounds have been employed medicinally. 

The pentasalphide is a sulphur compound of the 
metal, in composition corresponding to antimonic acid, 
and to the pentachloride. 

Alloys, — The useful alloys of antimony are chiefly 
those it forms with lead and with tin, constituting the 
various forms o^ type-metal, pewter, &c., and these 
will be considered in the chapter upon Tin. It is, 
when associated with the noble metals, peculiarly inju- 
rious to them as regards their malleability, ductility, 
&c. Hence such alloys are never made : indeed it may 
be said to form brittle alloys with all the malleable 
metals. In regard to gold, its admixture is particularly 
to be guarded against, for a single grain added to two 
hundred of perfectly fine and malleable gold, will ren- 
der it completely brittle in texture. 

Testa for the Detection of Antimony. — 1. Hydrosul- 
phuric acid added to an acidulated sojution of antimony 
occasions an immediate precipitate of very character- 
istic orange-red color; but if the solution be alkaline, 
no precipitate will be produced, and but a partial one 
in a neutral solution : hence the sulphide so thrown 
down is soluble in excess of potassa. 

2. Sulphide of ammonium throws down the same, 
but the precipitate is soluble in excess of t^e precipi- 
tant. It may, when so redissolved, be thrown down 
again by an acid; but its color is always lighter under 
these circumstances; from sulphur being precipitated 
with it. 

8. Potash, or ammonia, or the carbonates of these, 
throw down a bulky white hydrate, but not if the 
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solution contain tartaric acid. The precipitate, when 
formed, is soluble in excess of alkali. 

4. If the solution be treated with snlphuric acid, 
and into this metallic zinc be put, the mixture evolves 
a gaseous compound of hydrogen and antimony (anti- 
rooniuretted hydrogen); and if the gas escaping from 
the jet of a gas- bottle be inflamed, and a plate of cool 
porcelain be momentarily held over this flame, a de- 
posit of metal is formed as a dark leaden-looking 
spot, just at the point of contact of the flame. 

Lastly. If a hydrochloric solution of antimony be 
treated with a quantity of water, an immediate preci* 
pitate of an oxichloride falls. This may be dissolved 
in tartaric acid, the addition of which latter to the 
water employed will prevent its precipitation. This 
solubility in tartaric acid distinguishes it from the 
analogous bismuth precipitation. 

Estimatum of Antimony. — This can only be done by 
its precipitation as sulphide, and subsequently separa- 
ting the sulphur of the latter, after having previously 
got its weight. Then, by estimating the sulphur, the 
difference between its weight and that of the whole 
precipitate gives that of the antimony. We may 
operate thus: To the hydrochloric solution add a little 
tartaric acid, and then pass in HS. Thus the sulphide 
is thrown down. Wash, dry, and weigh this. Next 
dissolve it in aqua regia ; then mix this with a solution 
of tartaric acid, and precipitate the sulphuric acid 
(formed by the oxidation of the sulphur of the sulphide) 
by means of chloride of barium. From the weight of 
this when washed, dried, and ignited, that of the sul- 
phur is got at; and the loss represents the antimony. 
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CHAPTER XVL 

UBANIUM, TITANIUM, AND CHROMIUM. 

Three metals of this class may next be examined, 
but very briefly, as the metals themselves are not em- 
ployed in the arts ; but some one or more of their 
compounds used ; and in each case principally as color- 
ing agents in glass and porcelain working. For this 
purpose uranium affords an orange yellow and also a 
black; titanium, a light yellow; and chromium, a 
green; and, by modification of treatment, a pink 
enamel may be obtained from the latter also. 

Uranium. 

The metal itself is a white metal, resembling polished 
iron, somewhat malleable, and of very high specific 
gravity. The source of this, as of all preparations of 
uranium, is principally from a Bohemian mineral 
called pitchblende, a natural compound of two oxides 
of uranium, the protoxide and sesquioxide. The 
minerals uranite and chalcolite (containing this metal) 
are comparatively rare. From pitchblende a nitrate 
of the sesquioxide is first obtained, and from this salt 
all other compounds are prepared. 

The mineral is first powdered very finely, and 
treated at once with nitric acid. The solution so 
obtained evaporated to dryness, and the residue sub- 
sequently dissolved in water ; part will remain undis- 
solved, consisting of arsenious acid and sesquioxide of 
iron, with some sulphate of lead, the whole forming a 
red insoluble powder. The solution is filtered, in 
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order to separate this; and then, upon evaporation, 
will furnish crystals of nitrate of uranium. 

Hydrosulphuric acid is passed through the mother 
liquor after removal of the crystals. This will throw 
down a further portion of arsenic, as sulphide, together 
with sulphides of copper and lead. The liquor is then 
filtered, and again evaporated, and set aside for crys- 
tallization. Lastly, the whole produce is purified by 
recrystallization. 

If it be desired to obtain the metal, it is done as 
follows : a portion of nitrate is heated to decomposition. 
In this way the nitric acid is driven ofi^, and an oxide 
left. This is mixed with some charcoal, and placed in a 
combustion tube, with an arrangement for evolution 
of drv chlorine attached. The tube is then^heated, 
and the gas passed into it. Thus it combines with the 
uranium, and the chloride produced rises in red fumes, 
which condense into deliquescent crystals in a cool 
part of the tube. This is protochloride of uranium. 

The next step consists in speedily making a mixture 
of this with half its weight of potassium; and the 
quantity operated upon should be somewhat less than 
200 grains of mixture, as the reaction of the two is 
very violent. For this reason also the platinum cru- 
cible, in which the reduction is made, should have its 
lid fastened on, and be quite inclosed in a second and 
larger pot. A gentle heat is at first applied, and when 
the violence of the action is over, this is raised so as 
to volatilize the remaining potassium, and also, to fuse 
the chloride of potassium formed, as well as to allow 
of the subsidence of the uranium in it. When cold, 
the excess of potassium and chloride is removed by 
solution in water, the metal being left. Its equivalent 
is 60. Symbol, U. 

There are two simple oxides of uranium, and by 
their combination with each other two other compound 
oxides are formed. The first is a protoxide, a very 
unstable compound, which is readily peroxidized by 
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exposure to air ; its composition is expressed by tbe 
symbols DO. 

The second oxide is tbe sesqaioxide. This is the 
one employed for producing the orange-yellow porce- 
lain color. It is prepared commercially by precipi- 
tating tbe pemitrate by means of ammonia : but it is 
not then true ; for this oxide has a tendency to act as 
an acid in the presence of alkalies, and to combine 
vrith them and form salts : therefore, in this case it so 
combines with the ammonia, and a hydrated aranate 
of ammonia is produced. Moreover, the ammonia 
and water cannot be driven off by heat, so as to 
leave the oxide sought, for either the green or black 
oxide will be left, according to the degree of heat used. 
The only way to obtain a true sesquioxide consists in 
precipitating the purified nitrate by oxalic acid; thus 
a p)eroxalate is obtained. This is then exposed to the 
sun's rays, when carbonic acid will be eliminated by 
the decomposition of the oxalic acid, and a purplish 
powder is left, which is the green oxide of uranium in 
a hydrated state. By exposing this to air, enough 
oxygen will be absorbed to convert the whole into 
sesquioxide, and from this last the water may be driven 
off by heating carefully to 570° Fahr. The anhydrous 
sesquioxide thus produced is a dull red powder, of the 
composition UjO~ The operation, however, requires 
extreme care in all its stages. 

The black oxide, which is employed for the black 
enamel, is obtained by heating intensely the pemitrate. 
Thus a black powder results, which has the composi- 
tion 2U0+C,0,. 

The green oxide is obtained from the last by oxid- 
izing it in the air, by means of gentle heating ; but if, 
when prepared, the heat be raised strongly, it will be 
reconverted into the black oxide. Its composition is 
UO + U.O, 

Discrimination of Uranium, — 1st. Hydrosulphuric 
acid gives no precipitate. 

26* 
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2d. Sulphide of ammoDium gives a brownish-yellow 
sulphide ; but if the uraniurn exist as protoxide, this 
will be black. 

8d. Ferrocjanide of potassium gives a brown, just 
like the precipitate formed by that reagent in a copper 
solution : but it may be distinguished from the latter 
by a portion of the solution not being rendered blue on 
adding ammonia. 

TiTANIUll. 

The mineral rutile, a nearly pure oxide, is the chief 
source of the various preparations of this metal. It is 
a compound of an equivalent of titanium with two of 
oxygen. In titaniferous iron, and in iserine, this same 
oxide is associated with that of iron. The metal itself 
is commonly described as a purplish-red powder ; but 
it has been shown by Deville, Wohler, and others, that 
titanium has an extraordinary affinity for nitrogen, 
and that the red product of some of the methods em- 
ployed for its preparation is really a nitride of titanium ; 
as also are the hard, cubic, copper-colored crystals, fre- 
quently found in iron furnaces, and which have 
hitherto been regarded as the metal itself. These 
latter contain, moreover, a certain quantity of cyanide 
of titanium (cyanogen being itself a compound of car- 
bon and nitrogen). 

Deville obtains the metal in square prismatic crystals, 
by first forming a bichloride of titanium ; for which 
purpose he heats a mixture of titanic acid and charcoal 
in a tube, and passes over this a stream of dry chlorine 
gas. Having thus obtained a volatile liquid (a bi- 
chloride) he passes its vapor over fused sodium, and 
thus gets the metal itself. 

It is also obtained by decomposing the double 
fluoride of titanium and potassium, by means of hy- 
drogen: thus formed it is a pulverulent metal of a 
grayish tint. It is, however, very quickly oxidized, 
and converted into titanic acid by a slight rise of tern- 
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peratare, whUe exposed to air. Symbol, Ti. Equiva- 
lent, 26. 

Titanium forms three oxides, but it is only the 
highest (viz., titanic acid) which is of importance, this 
being the one employed to obtain a pale yellow por- 
celain color. 

Butile, being nearly pure, titanic acid is employed 
for its preparation ; for which purpose it is powdered, 
and mixed with three or four times its weight of 
bicarbonate of potassa. These are put into a crucible 
and fused, and the mass so obtainea subsequently di- 
gested in water. Every two equivalents of titanic acid 
will in this way have combined with one of potassa, 
and formed an insoluble salt, which is to be separated 
and treated with hvdrochloric acid, and when dis- 
solved, an excess of caustic ammonia is to be added 
to the solution. Thus a mixture of titanic acid with 
oxide of iron, and perhaps tin, and manganese is 
thrown down, in which the three latter may be con- 
verted into sulphides on adding sulphide of ammonium, 
and that without action upon the titanium oxide, 
which remains as such. Next, a quantity of sul- 
phurous acid in solution is poured upon the mix- 
ture, whereby the sulphides will be dissolved, and the 
titanic acid left. It only remains to wash thoroughly 
and dry it, and thus it is a pure white hydrate of 
titanic acid. 

This compound is soluble in sulphuric and hydro- 
chloric acids, but if heated strongly it assumes a yel- 
low tint, and becomes anhydrous. On cooling it 
resumes its white color, but will then be insoluble, 
except it be boiled in strong sulphuric, or digested 
with hydrofluoric acid. Composition, TiOj^ Equiva- 
lent, 41. 

Discrimination of Titanium. — The acid, from its ap- 
pearance and chemical bearings, may be confounded 
with that of tin, or with silica. From the former it 
may be distinguished by heating it before the blowpipe. 
Tin, when heated in the reducing flame, would, on 
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the addition of a little carbonate of soda, be at once 
redaced to a metallic bead. But titanic acid, if mixed 
with borax or microcosmic salt, and exposed to the 
same flame, would give a blue glass. If heated in the 
oxidizing flame, the glass formed is colorless. It may 
be distinguished from silica by fusion with bisulphate 
of potassa, by which it will be rendered soluble, so as 
to form a clear solution on boiling in water; silica 
being untouched by such treatment. 2d. If a solution 
of a titanate be tested by ferrocyanide of potassium, 
an orange yellow precipitate is formed, which is very 
characteristic. 

Chbomium. 

This metal exists in an ore known as chrome iron 
ore, which is a mixture of sesquioxide of chromium 
with oxide of iron. From this, the first preparation 
obtained is always chromate or bichromate of potasaa, 
and all other compounds are separated or converted 
from the latter. This is the result of the large appli- 
cation of bichromate of potassa to calico-printing and 
dyeing, which causes its manufacture to be an impor- 
tant one : it is largely carried on at Glasgow, and the 
product sold under the name of chrome. 

The metal is obtained by first forming a sesqui- 
chloride of chromium, and then decomposing it by 
potassium; thus it is obtained pure, as a dark gray 
powder, readily oxidizable by heating in the air. It 
may, however, be obtained nearly pure by heating a 
mixture of oxide of chromium with one-fifth its weight 
of carbon. This is to be made into a paste with oil, 
and then heated for about two hours in a wind furnace; 
thus a porous mass of the metal is left, containing, 
however, a small quantity of combined carbon. Sym- 
bol, Cr. Equivalent, 26.27. 

It has been stated that the compounds of chromium 
are obtained from chrome iron ore, by first forming a 
bichromate of potassa. Now, as the ore is not attacked 
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by acids at all easily, the first step in this preparation 
is powdering it; after which it is mixed with sufficient 
nitre to oxidize the chromium ; a quantity of carbon* 
ate of potassa being also used : these are exposed to 
a red heat in a reverberatory furnace, and during the 
heating constant raking is kept up, in order to expose 
the whole well to air, and so facilitate the changes to 
be produced. Thus the sesquioxide of chromium, by 
the oxygen of the nitre, becomes converted into 
chromic acid; this decomposes the carbonate of potassa 
by combining with its alkali. The roasted materials 
are next digested in water ; thus the new-formed salt 
is dissolved, and an insoluble residue left: but as the 
latter is not yet exhausted of the '' chrome," it is set 
aside for a second treatment. The yellow solution is 
filtered or syphoned ofiT, and just neutralized with 
nitric or sulphuric, or better, with acetic acid. Thus 
the salt, which originally was a neutral chromate, is con- 
verted into a bichromate, which being a far less solu- 
ble salt than the former, much contributes to its 
purification from adherent nitrate of potassa. Hence 
also the preference to be given to acetic acid in its 
preparation, for with potassa this acid forms an ex- 
ceedingly soluble salt, much more so than nitrate of 
potassa, which results from using nitric acid; while 
sulphate of potassa, which is formed where sulphuric 
is employed, is yet more insoluble, and, therefore, 
economy m the price of acid is the only reason for 
employing the latter. The bichromate of potassa so 
obtained forms beautiful red four-sided tabular crystals, 
from which neutral chromate is best formed by dis- 
solving them, adding an equivalent of carbonate of 
potassa, and recrystallizing. 

Chromium forms four oxides. The two first, viz., 
the protoxide and sesquioxide, have basic properties. 
The other two are acids, viz., chromic and perchromio 
acids. 

Of these, the one employed as a porcelain color is 
the sesquioxide in its anhydrous state, wherein it is 
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bat little acted upon hj acids, and may be einployed 
with most flaxes, and so heated .strongly without 
change. It may be prepared by seyeral methods, but 
of these the three following may be taken as most 
practical. 

Ist Bichromate of potassa is put into a crncible, 
and heated to a white heat. Thas it is converted into 
neutral chromate, and the equivalent of chromatic acid 
taken away ; loses as much of its oxygen as leaves it 
in the state of sesquioxide of chromium. The fased 
mass is treated with water ; by this the chromate is 
dissolved, and the oxide remains as a green powder. 

2d. Chromate of potassa is added to a solution of 
subnitrate of mercurv : thus a precipitate is formed of 
chromate of saboxide of mercury. This is washed, 
dried, and heated to redness. The whole of the mer- 
cury is thus volatilized, and with it a portion of the 
oxygen ; the sesquioxide of chromium being left. 

Sd. Bichromate of potassa may be heated in a char- 
coal-lined crucible, or in an ordinary pot, if previously 
mixed with one-fourth its weight of starch, both being 
powdered together. This, by oxidation, produces car- 
bonic acid, which converts the chromate of potassa 
into carbonate ; the sesquioxide of chromium, result- 
ing from the decomposed chromic acid, will be sepa* 
rable by washing away the alkaline carbonate. 

Sesquioxide of chromium is a deep green powder. 
In its anhydrous state it is little soluble in acids ; but 
when hydrated, as when precipitated by the action of 
alcohol on bichromate of potassa, it dissolves readily in 
acids, forming uncrystallizable salts. The anhydrous 
variety produces a deep green enamel upon porcelain, 
when used alone, but a beautiful rose-pink may be 
obtained also. In the pink color, however, it is pro- 
bable that the oxide is one of higher degree of oxidation. 

The material for its production is thus prepared : 
Four parts of chromate of potassa are mixed with 34 
parts of chalk and 100 of peroxide of tin. These are 
heated to redness in a crucible, and the resulting mix- 
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lure powdered, and then treated with weak hydro- 
chloric acid until it assumes its proper tint, viz., a fine 
rose pink. This is much used in earthenware painting. 

Composition of sesquiozide of chromium, Cr^O,. 
Equivalent, 76.5. 

In the discrimination of chromium the reactions vary 
according to the degree of oxidation of the metal ; but 
the following tests are indicative of the sesquioxide 
in solution : — 

1st. Hydrosulphuric acid gives no precipitate. 

2d. Sulphide of potassium throws down the green 
sesquioxide, and not a sulphide. 

Sd. Potash or ammonia precipitates a hydrated ses- 
quioxide. The precipitate is soluble in excess of the 
former, but it will be reprecipitated again on boiling. 
In the case of ammonia, although it is partially redis- 
solved, boiling will completely precipitate the oxide 
again. 

4th. If sesquioxide of chromium be fused with nitrate 
of potassa, chromate of potass is formed ; which latter, 
as all salts of chromic acid, may be distinguished by 
the yellow precipitate they give in salts of lead; and 
the red one in a solution of nitrate of silver. 

6th. Before the blowpipe, if heated with microcosmio 
salt in either fiame, a glass is produced, which is yel- 
lowish-green while hot, and emerald-green upon becom- 
ing cold. 
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CHAPTER XVII. 

ARSENIC. 

The metal arsenio is not commonly employed in its 
regaline state, but it may be obtained from its most 
common compound, viz., arsenious acid (the white 
arsenic of the shops), by simply heating the latter with 
black flux, or with powdered charcoal. For this par- 
pose an intimate mixture is made of the two, and placed 
in a crucible ; upon this a second one is luted, and just 
down to the lute-junction a perforated plate of iron is 
slipped over the upper one: this protects the latter 
from heat during the reduction of the metal. The 
lower pot is then well heated up, and the reduced 
arsenic, being volatile, sublimes, and is condensed in 
the upper, cooler pot 

Thus it forms a steel-gray brittle cake ; but it soon 
loses its brilliancy, and, if exposed to damp air, it 
crumbles, and partly decomposes. It is regarded by 
Begnault as a metalloid, and not a true metal; and 
this is the general opinion of French chemists. 

The arsenic of commerce is frequently obtained as 
a secondary product ; but when directly procured, it is 
generally from a mineral called mispickel, which is an 
arsenide of iron, combined with an equivalent of bisul- 
phide of the same metal ; and the treatment of this ore 
is directed so as not to obtain the metal itself, but 
arsenious acid. 

For this purpose, at the Silesian works the ore is 
first roasted in a furnace constructed with a large 
muffle-like chamber, so placed, as that the flame and 
heat of a separate fire shall well circulate round it. 
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About balf a ton of the powdered ore is placed in the 
muffle at a time, being spread evenly over the floor. A 
dull red beat being got up, it is steadily maintained 
for about 12 hours, towards the latter part of which 
time it is allowed to fall somewhat. From the back of 
the muffle an opening passes into a large condensing 
room — a large chamber placed behind the furnace; 
from this any uncondensed matters pass to a second 
and third, and again from these into the first of a 
series, called at the Silesian works "the poison-tower," 
and composed of some three floors of double chambers. 
From the last and upper one a flue passes out into the 
air, and by this much sulphurous acid (which is uncon- 
densable) passes away. The continual current passing 
through the apparatus serves to waft the arsenical 
vapors into the chambers; and they will be all con- 
densed, the products in the first chambers being the 
purest, those condensed furthest from the muffle being 
generally contaminated with sulphide of arsenic, from 
combination with sulphur. 

This first product is therefore submitted to sublima- 
tion. For this purpose a series of deep iron or earthen 
pots are set in ordinary stove-holes, the latter working 
into a common shaft or flue. Upon the flange formed 
to each pot is built up a series of ring-connecting pieces, 
and on the top of these a funnel-shaped connector rises 
up and terminates in a large condensing chamber, 
formed well up above all. 

The pots are charged with the crude acid, and then 
all joints well luted up. A gentle fire is then got up 
to each, and, after about half an hour, raised and 
maintained at a proper heat for subliming the acid. 
After about 12 hours a charge of about 8 cwt. will all 
have worked up into the cylinders above the pots, 
where it is found as a vitreous mass, if the heat has 
been well managed. 

The upper portions, again, being less pure, are re- 
served for resublimation with a fresh charge of rough 
acid. The condensing chamber above serves to retain 
27 
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any which may rise if too great heat has been ased, 
as also the sulphur products separated from the rough 
acid. 

Arsenious acid, as thus prepared, is a clear, semi- 
transparent solid, lamellated, as might be expected, 
from its gradual deposit by sublimation. By exposure 
to air it soon loses its transparency and whiteness. la 
commerce it is usually sold as a white powder, which, 
when examined by a lens, is found to consist of minute 
crystals. It combines with bases as an acid, and in 
this way forms many valuable salts. Thus arsenite of 
potass, the essential ingredient of ^^Fowler^s solution," 
forms a medicine much used internally. The arsenite 
of copper, known as "Scheele's green," constitutes a 
valuable pigment; and there is a somewhat similar 
one, composed of three equivalents of arsenite of 
copper combined with one of acetate of copper. 

Arsenious acid is powerfully antiseptic, preventing 
decomposition in organic substances. 

Arsenious acid dissolves in hot hydrochloric, but by 
treating it with nitric it is converted into an acid of 
higher grade, viz., the arsenic acid. This forms a 
white mass, which is capable of crystallization ; but 
both in this, as in its amorphous state, it is very deli- 
quescent. It is a compound of AsO^ 

The composition of arsenious acia is AsO,. Equi- 
valent, 99. 

The bodies known as orpiment are sulphides of 
arsenic. The red variety, or realgar, is found native, 
and at times in a crystalline state; at others it forms 
a scarlet amorphous substance which, when powdered, 
gives an orange-yellow powder. It is a bisulphide, 
consequently composed of AsS^; and when formed 
artificially, it is effected by heating together the equi- 
valent proportions of arsenious acid and sulphur. 
. Yellow orpiment is a tersulphide, also found at 
times native, but prepared artificially by passing hy- 
drosulphuric acid gas through a solution containing 
arsenious acid. Thus it falls as a brilliant yellow pow- 
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der, consisting of AsS,. If this same plan be followed 
with a solntion containing arsenic acid, a siniilar pre- 
cipitate will be obtained, bat composed of AsS,, and 
known as sulph-arsenic acid, or pentasulphide of ar- 
senic. 

Arsenic forms alloys with other metals, and, in so 
doing, it lowers their fusing point; but in all cases it 
renders them very brittle, even when combined in 
very small proportion. It is most destructive to the 
malleability of gold. 

Discrimination of Arsenic, — 1st. An /icid solution 
will, if arsenic be present, give a yellow precipitate 
on the addition of hydrosulphuric acid. This precipi- 
tate is nearly insoluble in hydrochloric acid, but soluble 
in alkalies or their carbonates. 

2d. Sulphide of ammonium produces, under the 
same circumstances, a similar precipitate; but if the 
solution be alkaline, or even neutral, a soluble double 
salt is formed — in fact, a sulphur salt, composed of 
sulphide of arsenic with sulphide of ammonium; and 
hence no precipitate. Acids will, however, throw it 
down, but diluted in color from admixture of some 
free sulphur, separated from the alkaline sulphide also 
by the acid. 

8d. If ammonia be added to nitrate of silver, its 
oxide will be precipitated; if the addition be then 
carried on until the oxide thrown down is nearly re- 
dissolved, we get in the clear liquid a solution of am- 
monio- nitrate of silver. This is an excellent test, as 
it precipitates arsenious acid as an arsenite of silver— 
a beautiful lemon-yellow precipitate. This is soluble 
in nitric acid, ana in ammonia; but as phosphoric 
acid will throw down a phosphate of silver precisely 
similar in chemical characters, this test must be 
trusted, only if others concur with it in giving evi- 
dence of the presence of arsenic. 

4th. An ammoniacal sulphate of copper (similarly 
made to the silver salt) will give an apple-green pre- 
cipitate. 
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6th. If any solid matter oontain arsenic, and it be 
mixed with a little black flux, dried and heated in a 
glass tube, we get a sublimate of dark-gray metallic 
arsenic deposited upon a cool part of the tube. 

6th. Arsenical compounds, when heated with a little 
carbonate of soda in the reducing flame of the blow- 
pipcj give a most characteristic odor of garlic, due to 
the vapor of metallic arsenic reduced by the flux. 

7th. Mr. Marsh's test may be employed. It is 
founded upon the fact that arsenic will combine with 
hydrogen and form a combustible gas, from which the 
arsenic may subsequently be separated by passing the 
gas through a tube heated to redness. 

It is carried out thus : A flask is fitted up for the 
evolution of hydrogen, and into this is put some per- 
fectly pure dilute sulphuric acid and a few fragments 
of pure zinc — ^at least as far as its contamination with 
arsenic. To the flask a small chloride of calcium tube 
is attached, in order roughly to dry the gas. Then 

Fig. 46. 




from the latter a small German glass tube is carried out 
and turned up at the end, the point being drawn into 
a jet. When the air has been driven from the appa- 
ratus, and gas escapes from the jet, the substance to be 
examined is introduced by meaus of the funnel tube. 
Next, the gas may be lighted ; and if a piece of cool 
porcelain be then brought suddenly down on the flame, 
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and quickly remoyed, it will have a deposit of arseDic 
formed upon it as a brownish-black spot; or the tube 
may be heated by a lamp, as in the drawing; when the 
gas, in passing this hot point, will be decomposed, and 
its arsenic deposited as a crust just beyond the hot 
part. This test is most delicate; and although the same 
result is obtained from antimony, the two may be 
distinguished, as the antimony spot is alwaysof a dark 
blue black. 
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CHAPTER XVIII. 

hetals of the second class. — okder ii. 

Ibon. 

Iron has not only been known from the earliest ages, 
bat its peculiar uses specified. It is mentioned in the 
Book of Job, and Moses speaks of " an instructor of 
artificers in iron" — thus indicating that it was worked 
and manufactured as early as the sixth generation from 
the creation of the world ; and its application to instru- 
ments of agriculture and of war is learned from the 
same sources: but it is probable that little was then 
done in the metallurgy of its ores, and that a sufficient 
supply for the requirements of those days was found 
native. Even at ihe present time iron is occasionally 
found native in small quantities, and, being at the same 
time very pure in quality, and containing not more 
than one per cent, of silicon, is hence very soft and flexi- 
ble, and may even be cut by an Ordinary chisel. What 
are known as meteorites (large masses of metal which 
have fallen from the atmosphere to the earth) are com- 
posed of native iron, but invariably associated with 
nickel, as also containing traces of cobalt, copper, and 
other metals. In the many specimens examined, the 
iron ranges from 67 to 94 per cent. ; the nickel from 
6 to 24. 

Iron is universally present in nature, few substances 
being free from it: thus, even the human body con- 
tains no inconsiderable quantity ; for, owing to the 
peculiar tendency of protoxide of iron to become per- 
oxide, even under atmospheric oxidation, the latter is 
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made to take the important funotion of fA carrier of 
oxygen in the animal economy. 

Disregarding native iron, as occurring in very small 
amoant, the chief ores may be classed as oxides, 
sulphides, and carbonates. 9 

Of these the ore common in this country may be 
taken first, as the most important one. Indeed, the 
produce of iron over the whole world was estimated by 
Mr. Blackwell to amount to six millions of tons in the 
year lb55, three millions of which were the produce 
of British mines. The carbonates are the ores from 
which our iron is obtained, and they are classed under 
two kinds, viz., the clay -band and the black- band ores. 
These are found in beds in the coal formation, and 
alternating with layers of coal. Thus, in England, the 
ore and fuel are found at the same spot; and it may be 
remarked that the limestone employed as a flux is 
also equally near at hand, as also those peculiarly 
resisting clays used for fire material in the construction 
of our iron furnaces. Considering this, it will be evi- 
dent that we have very extraordinary advantages in 
this manufacture, depending upon these facilities. 

Spathose iron ore is a crystalline variety of the 
carbonate ; it is of a light brown or gray color, and 
has a pearly lustre; but the ordinary clay-band ores 
have a dark gray color, and contain, with the metallic 
salt, a quantity of earthy or clayey matters in addition. 
Consequently, when this ore is smelted without the 
addition of richer ones, it gives only an inferior quality 
of iron. The average analysis of clay-band gives about 
37 parts of protoxide of iron, 33 of carbonic acid, and 
80 of earthy matters — these latter composed of lime, 
silica, alumina, and magnesia. This corresponds to 
about 28 parts of metallic iron. 

The black-band ores are richer in metal : they aver- 
age about 50 per cent, of protoxide of iron (equal to 
39 iron), and contain but 5 per cent, earthy matter; 
but to these there is a most valuable adjunct, viz., 
about 10 per cent, of bituminous matter, which mate- 
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rially helps the manufacturer in his metallurgic opera- 
tions. Indeed, in cases where the ore is poorer in 
metal, the amount of this bitumen often rises to 20 
er cent., or even more. 

Passing to the oxides, the magnetic oxide is a crys- 
talline one, occurring in cubes, or in the secondary 
forms of octohedra and dodecahedra; but it is found 
massive in enormous quantities. Indeed, the Swedish 
iron, which is excellent in quality, is chiefly obtained 
from this ore. It is also found in the form of sand in 
India, and some other localities. Its composition is 8 
equivalents of iron with 4 of oxygen, or one equivalent 
of protoxide united with one of peroxide of iron. 

. 2d. Specular iron ore, red haematite or fibrous ore, 
compact iron ore, brown hsdmatite, and common red 
ochre, are all varieties of another oxide, where 2 of 
iron are combined with S of oxygen. Brown hadmatite 
and ochre are hydrated peroxides, and in red ochre 
the oxide is further mixed with clay and earthy mat* 
ters; again, in the ore known as bog-iron ore, it is 
combined with phosphate of iron. 

The first, or specular ore, is common in Sweden 
and Russia; and the second, haematite, in Cornwall 
and Lancashire, as also in France — the latter locality 
affording the brown or hydrated form. 

The sulphides are classed under the name of pyrites, 
the most common one being a compound (more or less 
crystalline) of one equivalent of iron with two of sul- 
phur; it varies in color from white to a yellow — at 
times so nearly resembling gold as to have fed it to be 
mistaken for the latter — a variety which is magnetic, 
and hence so called ; it is always of a deep color, and 
composed of seven equivalents of iron with eight of 
sulphur. Ordinary pyrites is never used as a source 
of iron, but its sulphur is often employed in the manu- 
facture of sulphuric acid and also of alum. 

A third variety, above mentioned, called mispickel 
(p. 813), is a compound of bisulphide with arsenide of 
iron. 
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The preliminary operation of estiraaJbing the valae 
of an iron ore is done in the dry way, by a kind of 
miniature smelting process; it is performed in a good 
wind farnace, and at a very high temperature. A 
lined Cornish, Hessian, or black-lead crucible is first 
prepared by pressing into it successive layers of 
moistened powdered charcoal, until it is full and quite 
solid. Next a clean cavity is formed, by removing the 
central portion until about .8 of an inch is left as a 
lining. About two hundred grains of the powdered 
ore are then taken and mixed with its own weight of 
dry slaked Kme and fifty grains of charcoal ; and if it 
be a refractory ore, a little carbonate of soda is also 
used. This mixture is introduced into the prepared 
crucible, and luted up. The pot is then well placed 
in the centre of the fire, and the furnace quite filled 
with proper-sized coke. Until the aqueous portions 
of the mixture have escaped from the pot, the fire is 
kept at a moderate heat ; after which the damper is 
opened, and the heat raised to its full extent, at which 
it is maintained for half an hour. At the end of this 
time the pot is removed, and tapped steadily upon the 
edge of the furnace, so as to shake all metallic globules 
through the slag, and bring them into one button 
below. When cold, the pot is broken, and the con- 
tents struck a few blows upon the side, which will 
detach the slag, and, if the operation has been success- 
ful, leave a clean button of metal, tolerably pure, or at 
any rate retaining about the amount of carbon in or* 
dinary cast iron. Thus it only remains to clean the 
button carefully with a scratch-brush, and weigh. If, 
however, the button is not well agglomerated, and the 
slag full of metallic beads, it is most probable that the 
heat has been insufiicient, or that the flux was too 
small in quantity. Should this be the case, the slag 
may be powdered and the metal abstracted by a mag- 
net, and added to the button to weigh ; but if the 
button be very imperfect, it is better to make a fresh 
assay. 
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The wet assay of iron ores is, in fact, an operation 
of analysis ; bat inasmuch as it is only the iron which 
is sought for, the ordinary operation of analyzing the 
ore may be very much abridged by the simple estima- 
tion of the iron, after its precipitation as sesquioxide, 
by means of ammonia. 

This reagent is capable, to a great extent, of retain- 
ing in solution most metallic oxides, which are com- 
monly associated with iron, but it must not be relied 
upon where very accurate analysis is required ; for the 
iron precipitate is so gelatinous and soapy in its texture, 
that the other oxides are much masked and protected 
from its solvent action. Again, on the other hand, 
ammoniacal salts are capable of dissolving peroxide of 
iron in a slight degree; and where certain organic 
bodies are present, the quantity so taken up is very 
considerable. While^ lastly, as ammonia precipitates 
alumina with the iron, the separation of these two 
requires much care in manipulation. 

The operation is carried out as follows : a portion of 
the ore is powdered, and a quantity which may range 
from 20 to 50 grains is carefully weighed out. This 
is treated with 500 to 600 grains of aqua regia in a 
small flask, and heated to the boiling point. The clear 
solution is poured off, and the insoluble residue again 
digested with a second quantity of acid. The solution 
is again decanted, and the whole evaporated to dryness 
in a porcelain basin ; the dry residue is redissolved in 
about 1000 grains of hydrochloric acid, composed of 
equal parts of strong acid and water. When the 
soluble part is taken up the liquid is filtered, and to 
the residue in the filter the first insoluble residues are 
added, the whole washed, dried, ignited, and weighed. 
The solution in hydrochloric acid is then made hot, 
and ammonia in excess added. The heating renders 
the precipitate much less gelatinous and retentive; 
and at the same time more open to the action of the 
washing water. The precipitate, which consists of 
alumina and sesquioxide of iron, must be thoroughly 
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washed, after which it is put into a beaker with a quan- 
tity of caustic potassa, and well boiled. This treat- 
ment having dissolved out the alumina, if any were 
present, the solution is poured ofif, and the precipitate 
andissolved again well washed. It is next dissolved 
in as small a quantity as possible of hydrochloric acid, 
and lastly, again throwi^ down by ammonia, washed, 
dried, ignited, and weighed. Every 100 parts of this 
precipitate equals 70 of metal. 

This doable precipitation by ammonia, induced by 
the presence of alumina in many ores, will assist in the 
retention of other oxides in solution, as they are thus 
subject to two digestions in the ammoniacal solvent. 

If it be desired to learn the amount of lime and 
of magnesia in an ore, these are contained in the Oltrate 
from the first precipitation by ammonia. To this 
latter, oxalate of ammonia added will precipitate the 
lime as an oxalate, which on moderate ignition is con- 
verted into carbonate of lime, the form in which lime 
was originally present in the ore. Lastly, from the 
filtrate from this lime salt, if magnesia was present, it 
may be thrown down by the addition of phosphate of 
soda. The precipitate of phosphate of magnesia, 
formed after standing an hour or two, must be washed, 
dried, and ignited, and contains about 86 per cent, of 
magnesia. 

From the ores of iron already described, two kinds 
of products are manufactured (or we may perhaps 
consider three) differing mainly in the quantity of car- 
bon they contain. These are known as c^st iron, 
wrought or malleable iron, and steel. The second of 
these, or wrought iron, containing carbon in the small- 
est proportion, while the first, or cast iron, contains 
the greatest amount. They also contain silicon and 
sulphur, but where these last are present in any quan- 
tity, as in some cast iron, they render the quality of 
the metal very bad. 

For all purposes the iron is first converted from its 
ore into cast iron by means of the blast furnace. W hen 
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wroaght iron is to be produced, this first product is 
subjected to operations called reflninff and puddling. 
And lastly, steel is generally produced from decarbon- 
ized or wrought iron, by a peculiar process, called ce« 
mentation, whereby a quantity of carbon is recombined 
with the iron. 

The first operation used in reducing the ores is calci- 
nation. For this several hundred tons are arranged in 
alternate layers with small coal, a heap being so con- 
structed upon the ground in open air, and commenced 
by a good thick layer of coal of about 1 foot thick, the 
layers of ore and coal being then carried up to 9 or 10 
feet in height. The amount of carbonaceous matter 
required varies according to the nature of the ore. 
Thus clay iron stone will require a large proportion, 
as it is almost entirely made up of earthy matters with 
the metal; but, on the other hand, black-band ores, 
which contain in themselves a large amount of coal-like 
matter, may be calcined with a comparatively small 
addition of coal. Thus calcination, by expelling use- 
less matters, concentrates the metal and leaves tne ore 
porous; and in the case of clay ores they will be thus 
raised from 80 to 55 percent.; and black-band from 
88 to 65 or 70. The mound is always lighted on the 
windward side, so as to carry combustion inwards, and 
the evolution of water and carbonic acid are continuous 
during the operation. It is at times performed in kilns. 

The calcined ore is then ready for smelting in the 
blast furnace. The common form of this is shown in 
the drawing. It is formed by joining two truncated 
cones of solid brickwork at their bases; the longer one, 
A, being above and forming the body of the furnace. 
This and the short one under it, B, are both formed of 
good Stourbridge bricks internally ; next, there is a 
casing of refractory sand, and external to all, a thick 
coating of firebricks. The part, B, called the bushes, 
is sometimes formed in fire-stones, a refractory stone 
found in the iron localities; for it is of much import- 
ance that this part be closely built, and of good stand- 
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ing material, as not only is the chief wear of the fur- 
nace upon this portion, but it has also to sustain the 
whole weight of the charge, amounting to some tons. 




Passing downwards a square chamber, 0, is formed 
below the boshes, also in fire-stone; this is the crucible. 
It rests upon large solid stones constituting the hearth ; 
upon this and round the crucible are formed arched 
galleries, D, which form passages for the workmen, and 
across these pass on three sides the pipes, or tuyeres of 
the blowing apparatus, e, whereby the blast is kept up. 
Upon the fourth an opening is left, in front of which is 
28 
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placed a large block of fire stone, F, the tyrap; over 
this the slag is allowed to flow away, while the reduced 
iron collecting below, is drawn off at intervals by a 
hole formed at the lowest part, but closed by a plag 
of fire-clay, which is removed to let out the product. 

Below all is a set of air channels, as also an arched 
gallery, passing into the centre from the middle of 
each side; these serve to keep the furnace quite dry 
below, the former allowing the exit of moisture es- 
caping from the brickwork itself. 

At the top of the body is a short portion termed 
the throat; this has an opening upon one side, whereat 
ends the gallery for the trucks which carry the charges 
of ore and fuel. The arrangement in layers of the 
charge, and coal shown in the drawings are from Beg- 
nault, and the introduction of the workmen serve by 
comparison to give a very good idea of the dimensions 
of the whole arrangement, which is generally about 
60 feet high by about 20 in diameter at the base ; the 
widest part of the internal chamber being 15 or 16 
feet. The whole structure is well tied together by 
iron bands externally. 

The fuel employed is always either coal or coke. 
Until about the year 1720 charcoal was exclusively 
burned, but from that time till 1780 coal gradually 
became generally used; its introduction being mainly 
assisted by the employment of the powerful blowing 
machines now in operation. By these an enormous 
blast of air is thrown from a large cylinder into the 
crucible of the furnace, and made so to enter, by the 
arrangement of the tuyeres, as that one current shall 
not interfere with and check another, but a steady 
uninterrupted stream is kept up at times of cold air, 
but commonly of air previously heated up. 

By the cold blast, iron is produced of extreme 
tenacity and strength ; apd this appears somewhat to 
depend upon the employment of coke, which is ren- 
dered necessary by the cold blast, and which in itself is 
a purer fuel than raw coal. But when it is stated that 
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between two and three thousand cubic feet of air is 
thus thrown into one of these furnaces per minute, it 
will be evident that such a bodj of cold air has a great 
tendency to bring down the temperature of the fur- 
nace : and this is now proved by the immense saving 
of fuel effected, when the supplied air is previously 
heated up to about 600® or higher. This is effected 
by passing the air through pipes which are heated by 
a separate furnace. Such a plan is called the hot 
blast, and iron produced by it is called hot-blast iron. 

This saving of fuel is enormous, especially when 
the fact is taken into the calculation, that by this em- 
ployroent of heated air, raw coal is sufficient, because 
the action of the fuel and ore takes place lower down 
in the furnace, that is, nearer to the tuyeres, and there* 
fore so large a body of hot fuel is not required in the 
upper parts of the furnace. Hence, in Scotland alone, 
it is calculated by a late writer upon this subject, that 
no less than two millions of tons of coal are saved 
annually. 

That the condensation of the air, and consequent 
amount of oxygen contained in a given bulk, has 
much influence^ must at once be evident when the 
quantity employed, as just stated, is borne in mind ; 
and this is further shown in^the difference found in 
the quality of the product, according as it may have 
been smelted in winter or summer, or in moist or dry 
weather. For in dry, frosty, wi nter weather, the quality 
of iron far exceeds that of iron produced in warm moist 
weather. 

The great object of the iron smelter in selecting 
coal or coke as a fuel, is to avoid the presence of sul- 
phur, and it is the impossibility of obtaining it quite 
free which gives charcoal-smelted iron the great supe* 
riority. 

Many smelters, in order to get rid of sulphur, add 
small portions of chloride of sodium, injecting it into 
the blast. This, by acting upon the sulphide of iron 
contained in the coal, decomposes it, and Forms chloride 
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of sulphur ; and it is found that iron so made more 
assimilates charcoal iron. Calvert adds the salt, to 
the extent of 1 to 2| per cent., to the coal before it is 
coked, or else mixes it with the coal charge for the 
furnace. 

Then as to flux. If the ore were smelted' withont 
any, the silica contained in it would retain much of 
the metal, forming with it a silicate of protoxide of 
iron. The use of a flux then is to unite with the 
silica, so as to set free the whole of the iron ; and, 
therefore, care is required that a sufficient quantity is 
present for this end ; but, on the other hand, it mast 
not be in excess, or the slag will not be sufficiently 
fusible, and so, hanging about the charge, will not 
readily subside. The purest limestones are those best 
adapted for iron fluxes, for although those containing 
magnesia or silica form more liquid and separable 
scorisB, yet the presence of these bodies injures the 
quality of the iron. 

Now the working of the blast furnace is as follows: 
Supposing it to be a new one heated up for the first 
time. A small fire is first kindled, and gradually 
raised until all is dry ; small portions of ore and flax 
alternating with fuel are then thrown in, and the blast 
sparingly put on. This is done for the purpose of 
gradually bringing up the heat, for if efiTected in a sudden 
manner the furnace would crack and become injured. 
Next, the regular working begins, and supposing the 
ore to consist of equal quantities of clay and black- 
band calcined together, to every nine hundredweight, 
about two hundredweight of flux is added, and well 
mixed with it. This mixture will require nearly half 
a ton of coal. Every hour a portion of coal is first 
wheeled in and emptied at the throat of the furnace 
into the body, and upon this a layer of ore and flux 
is thrown, then another of coal, and a second one of 
ore, and so on in the same order until the body is 
filled. Indeed, the subsidence of the charge is an 
indication as to when replenishing is needed, and it 
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\vill be found that a large furnace will in 24 hours 
absorb 37 tons of material, and in the same time yield 
about 7 tons of pig iron. The furnace is tapped every 
12 hours, and the metal allowed to flow out in front 
into a bed of sand, wherein moulds are formed, being 
simply oblong semicircular cavities, which deliver 
corresponding bars or masses of metal, technically 
termed ** pigs," 

During the operation the combustion of the fuel is 
carried to the utmost, by the oxygen derived from the 
air thrown in by the blowing apparatus. The intense 
heat thus generated drives off all moisture, volatile 
gases (the carbonic acid of the flux, for instance), and 
also the nitrogen of the decomposed air ; these pass 
off at the throat of the furnace. 

The carbonic acid formed by the combustion of the 
coal, in passing through the heated fuel, takes another 
equivalent of carbon, and becomes carbonic oxide, 
itself a combustible gas. This, in company with 
hydrogen compounds, also derived from the decompo- 
sition of the coal, together react upon the ore, action 
being facilitated by the large sur&ce afforded by its 
being in a thoroughly spongy condition. Thus the 
ore is reduced, being changed from a sesquioxide into 
magnetic oxide, and at times into metallic iron. This 
takes place in the boshes, and is quite completed as it 
fuses and passes down, having subsided with the flux 
into the hottest part of the furnace. Here the iron 
combines with a portion of the carbon of the fuel and 
sinks down through the slag as cast-iron, being pro- 
tected by a thick layer of slag from the action of the 
blast, which would otherwise be liable to oxidize it, 
although its surface is now below the tuyeres. 

The scoria or slag is allowed to flow out during the 
operation over the tymp, and when cold is broken up 
and taken away, or at times cast into slabs for building 
uses. 

These slags are actual salts wherein the silica acts 
28* 
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as an acid, and the lime and similar constituents of the 
flux form the base. 

The pigs of iron thus obtained from the blast furnace 
are cast-iron, and for moulding purposes it is at once 
ready for use; but it varies much in quality, its good- 
ness being determined by the nature of its fracture : 
thus the smelter classes it as No. 1 to 4. By this test 
of fracture, No. 1 gives a gray, or black and soft metal, 
being the best quality of cast-iron ; No. 2, mottled ; No. 
8, white, being a yet inferior iron to either of the others ; 
and last, No. 4, called silver iron, being the lowest in 
quality. The two first qualities are at once ready for 
the founder's use, hence they are often called foundry 
iron, and the latter forge. 

The operations detailed are all that are required for 
the production of casting metal ; but when it is desired 
to render the iron malleable, or, in other words, to pro- 
duce wrought iron, it is subjected to certain chemical 
and mechanical operations, which may now be described. 

The first of these is technically termed " refining,*^ 
and is performed in ^^ running out fires or refineries.*' 
These are small furnaces composed of a body of fire- 
bricks of about 9 feet each way, and terminating at the 
top in a chimney of about 12 feet high. They have a 
crucible formed at the bottom of about 3 feet by 2, and 
2 feet 6 deep. Then over this, enter the tuyeres of a 
blowing apparatus, which are inclined so as to point 
down upon it. 

In operating, the hearth is first filled with coke ; upon 
this are next laid about six pigs of blast-iron ; and, 
lastly, these are covered up in coke. The fire lighted, 
a moderate blast is put on ; the metal melts and sub- 
sides to the bottom ; and as the coke now burns away, 
more is supplied so as to keep up the fusion of the iron. 
In this way the greater portion of ihoae impurities, 
which were essential in obtaining the blast-irou, are 
burned out, for in the case of malleable iron these are 
the elements which destroy its tenacity and strength. 

The bodies thus got rid of are a large portion of the 
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carbon, nearly all the silicon, pbosphorus, and some 
sulphur; bat in order to get the product as free as 
possible from the latter, it is necessary, in place of coke 
as a fuel, to employ charcoal, for the former always 
contains more or less sulphur. 

The metal bubbles up much during the operation, 
quantities of carbonic oxide are given off and assist 
the combustion, the silicon of the metal is also oxi- 
dized, and this unites with a certain portion of oxide 
of iron, so that in the end the product is generally 
found to be about one-tenth less than the metal em- 
ployed, and the scoriae separated are found to consist 
of a silicate of iron, with other impurities. Befining 
thus requires about two hours for completion, at the 
end of which the metal is run off into plates ; these are 
rendered brittle by suddenly throwing a quantity of 
cold water upon them while hot, after which they are 
broken up for the next operation. 

Fig. 47. 




This is known as *' puddling," and is performed in a 
form of reverberatory furnace, having a brick sole or 
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bed of about 6 feet by 4; this is made slightly to 
incline to the back, where there is a'rapid fall at b, 
towards the floss hole, 0. This is to get rid of the 
slags formed, which are removed at the latter. At 
this end a chimney, D, is carried ap for aboat 60 feet, 
at the top of which a damper is fixed, capable of regu- 
lation by nf>eans of a lever and cord, by the workman 
below. The bridge, B, between the furnace and rever- 
beratory bed, is high. The furnace itself is fed and 
regulated by a door in front, as also one on the working 
side at G. The opeding, F, is the one whereat the 
puddling of the metal is carried on, consequently its 
door is slung to the frame seen above it, so as to be 
readily drawn up. Lastly, the opening, h, serves for 
charging in the metal, as also for cleansing the bed. 

Upon the sole of the furnace a charge of about 
4 cwt. of broken plates of refined iron is placed, at 
times associated with portions of unrefined, or the 
crude iron itself may be puddled without undergoing 
the refining operation. The metal is piled up round 
the sides, leaving the centre of the bed clear. The 
fire is then made up, so that in about half an hour 
after it is hot the metal begins to fuse and settle down 
on the sole of the furnace. A brisk evolution of car* 
bonic oxide takes place from the whole surface, as the 
metal becomes sufficiently fluid to allow of its ready 
escape. The workman then introduces a long-handled 
padale by the working door, and after stirring the gas 
as much as possible out of the mass (the combustion 
of the former assisting its fusion to a great extent), 
next works the metal sufficiently out of the strong 
heat to cause it to assume a doughy consistence, the 
fire being at the same time lowered to just the point 
at which it suffices to keep it in that state. It is then 
puddled, or worked about with a paddle, so as to assist 
the escape of the last portions of carbonaceous gases, 
and thus, as the metal refines, it becomes less fusible, 
until at last it acquires a sandy, granular state. The 
heat is now so far increased as to keep the balls of 
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metal, into which the puddler has worked the whole 
charge, coherent, or, as he would say, " heavy." During 
the whole operation a small quantity of water is 
from time to time thrown into the furnace. 

At the end of it, the workman gathers as large a 
ball as he can readily lift on his paddle, and placing 
this on the hottest part of the hearth, squeezes out as 
much of the scorias as are so separable by means of a 
long kind of rake, called a " dolly," Lastly, the balls, 
or '* blooms," so obtained, are lifted out for mechanical 
treatment, having been by the present operation freed 
to a great extent from carbon by its oxidation, and 
from silicon, which is separated in the scoriad. 

In puddling refined iron alone, it is customary to 
add a certain quantity of oxide of iron, in the form of 
scales from the forge; these afford oxygen to the carbon, 
for in this case the carbon existing in the metal being 
in much smaller quantity, there is less action set up by 
the escape of gas, and thus less atmospheric action, so 
that the addition of some oxidizing agent is rendered' 
necessary. 

The succeeding operations are mechanical ones. 
The first of these, hammering or pressing, serves to 
separate the remaining scori», as this operation is 
performed upon the hot blooms. After this the em- 
ployment of rollers elongates the metal, and the rods 
80 formed being cut up and again rolled, convert the 
granular texture into a fibrous one, which is the. char- 
acteristic of all well-manufactured iron. 

The hammering operation or "shingling," is now 
generally effected by a modification of Nasmyth's 
steam-hammer. Tn the ordinary steam-engine the 
cylinder is actually the fixed part, the piston rod 
moving up and down in the former being the first 
moving agent of the machine. In the forge-hammer, 
however, known as Condie's hammer (which like 
Nasmyth's is actually the cylinder arrangement of an 
ordinary steam-engine), the piston rod is firmly fixed 
in a massive framework, while the cylinder itself moves 
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up and down upon this rod doring work, the cylinder 
being exceedingly massive serves then as a hammer, 
and is made to act upon a large anvil placed belov, 
and in its axis. For forge purposes these cylinders 
have been made of 6 to 7 tons in weight, and with a 
stroke of 7 feet or upwards, but for "shingling" pur- 
poses they are usually of from 2 to 3 tons. 

The puddler lifts out of his furnace a mass of from 
60 to 80 pounds weight, being in fact as heavy a ball 
as he can collect and work ; taking this upon the end of 
his rod in a thoroughly hot state he places it upon the 
anvil, the hammer then being set in action, hammers or 
rather squeezes out the still fluid slag, and condenses 
the purer metal. The. blocks so obtained are then 
passed through some grooved rollers (of about 18 
inches diameter by 5 feet long) so as to lengthen them ; 
these bars are then cut up and fagoted together ; this 
operation of welding together and rolling out is several 
times repeated, for the ofltener it is repeated the more 
fibrous will be the texture of the product. By means 
of these first rollers much scale will be separated from 
the heated metal ; this is washed away by the stream 
of water which is kept flowing over the rollers, in order 
to keep them from heating by contact with the hot 
bars. 

The heating is performed in a reverberatory furnace, 
where they are heated to just a welding heat, air being 
carefully excluded, which, if admitted, would tend to 
prevent cohesion by oxidizing the surface. The work- 
man moves the metal to the rollers by tongs, and the 
slight roughening of the latter causes them readily to 
seize upon the mass and drag it through. Lastly, by 
passing the metal through finishing rollers the form 
desired is given to it, as round rods, square or other 
bars, or even such forms as those of railway bars, and 
the like. 

As all ordinarv iron contains traces of sulphur, sili- 
con, carbon, and often phosphorus also, which im- 
purities considerably alter its character, and we at 
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times need perfectly pure iron ; this may be prepared 
by heating precipitated oxide of iron in a current of 
hydrogen ; but as this plan necessitates the employment 
of pure material, and as the pulverulent metal obtained 
is very liable to spontaneous oxidation in the air, the 
following method is the one usually adopted : — 

Clean ordinary filings are taken and mixed with 
about one*fourth their weight of smithy scales (an 
oxide of iron). The mixture is put into a refractory 
crucible, and covered with a layer of green bottle 
glass ; such being used, as it is free from oxide of lead. 
The whole is luted up and heated to whiteness. In 
this way, traces of carbon and silicon are oxidized 
by the oxygen of the iron scale, and such foreign 
matters removed by the glass flux, when a button of 
pure iron subsides in the pot. 

Properties. — Pure iron is gray in color, and its sur- 
face admits of an extremely high polish, increasing 
with its hardness. This polishing, to some extent, 
diminishes its tendency to oxidation, which takes place 
very readily in ordinary, when air and moisture are 
present; and when once oxidation has commenced, it 
goes on very rapidly to destroy the metallic surface. 
As a ptx>of that the air is the agent in this, it may be 
stated that iron may be immersed in water without 
change, if care has been used to free the latter from 
air. Oxidation may also be prevented by contact with 
any metal which is more electro-positive; thus any 
delicate steel instrument may be protected from rust 
by wrapping it in very thin sheet zinc; and in this 
way articles of fine cutlery are at times sent by sea, 
and so perfectly protected from rust. 

Iron is readily attacked by chlorine, iodine, or bro- 
mine; and is also readily soluble in dilute acids. 
Thus nitric, sulphuric, or hydrochloric acids readily 
dissolve it. 

The specific gravity of iron is 7.84 ; and referring 
to the table, page 82, it will be seen to stand first in 
tenacity, fourth in ductility, and ninth in malleabilityi 
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as compared with the metals there mentioned. This 
latter character being much impaired by the presence 
of impurities. 

It is one of the magnetic metals, but its magnetism is 
destroyed by heating to redness. At a strong red heat 
it will become quite soft and pasty, and two cleansed 
surfaces will them hammer together, becoming perfectly 
homogeneous or welded. 

For its actual fusion the strongest heat obtainable 
in a wind furnace must be employed. Its symbol is 
Fe. Equivalent, 28. 

Steel is simply iron chemically combined with just 
the amount of carbon which will give it its extreme 
amount of toughness and hardness without being suf- 
ficient to render it brittle in itself, although increased 
hardness and brittleness can be given to it by mecha- 
nical means. In truth, the relative proportion of car- 
bon contained in iron (supposing the metal compara- 
tively pure as regards other deteriorating agents) 
seems entirely to control the quality of the metal, and 
the more completely it can be refined from it, the 
sofber will be the product. 

Then, as to the actual amount of carbon ; starting 
from the best kinds of iron, such as can be employed 
for drawing fine flexible iron wire for example. This 
would be found to contain not more than 0.12 per 
cent, carbon. 

Between this and steel would come ordinary mal- 
leable iron, and next we may place steel ; and from 
several analyses by Mushet he obtained the following 
results : First, in soft steel, 0.838 carbon ; in ordinary 
steel, 1.00; in ordinary hard, 1.11 ; and in the hardest, 
1.67 per cent. Berthier gives the amount in ordinary 
English steel as 1.87. 

Then would come the various kinds of cast iron. 
Of these the following estimates have been given: 
First, Calvert and Johnson, in some experiments upon 
manufactured iron in all its stages, give pig iron as 
containing 2.275 carbon. Next, Gay Lussac, in exa- 
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minalions of good varieties of Welsh iron, found in 
three specimens the quantities 2.55, 2.46, and 1.66 per 
cent. While, lastly, in three analyses by Mr. Brande, 
he found 8.22, 3.28, and 2.25 per cent. The greater 
the amoant of carbon the more fusible tbe metal will 
always be. 

Faraday and Stodart tried to '* saturate'^ some iron 
with carbon, and for this purpose they fused finely 
divided iron with charcoal; by which proceeding a 
dark gray fusible carbide of iron was obtained, so 
brittle that it might be pounded in a mortar; this con- 
tained 5.64 per cent, carbon. 

As to the formation of steel : If an iron wire be 
immersed in molten cast iron, and then allowing the 
metal to become solid, it be kept hot for about four or 
five hours, th^ inserted wire will be found to have 
been converted into steel. This conversion will be also 
effected if we surround the iron by charcoal, or even 
coal gas (a gas very rich in carbon): or if we employ 
turnings of cast iron, and, indeed, with the last agent 
the change will take place at a much lower tempera- 
ture than with charcoal in the ordinary way. This, 
which is the usual method of forming steel, is called 
the " cementation" process, and is efiected by means 
of some such agent as above, which is the "cement*" 
and by contact with which the outer layer of the bar 
operated upon takes a portion of carbon. This is then 
transferred to the next layer, while the first absorbs 
a fresh supply, and so on throughout the mass. 

It is carried on in a furnace of the shape of an ordi- 
nary kiln. The lower part of this is shown in the 
drawing. At A, is the grate and hearth. Above this 
and upon each side is placed a long trough, B, B, often 
formed in fire-clay; toese are about two feet square 
by fourteen feet long. They are so arranged as that 
the fire may play under them, and its products pass 
away above the dome, c, by the small flue seen on each 
side, as also at the small square openings behind, into 
the main shaft or body, D. The troughs are arched 
29 
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or domed over from flue to flae, and at the back of 
the furnace a door is placed to enter for filling them. 

Pig. 48. 




Now, in charging them, a layer of cement is first 
evenly spread over the bottom of each trough, to the 
depth of about two inches ; this is a compound of ten 
parts charcoal with one of ashes and common salt. 
Upon this is laid a tier of thin iron bars for conver- 
sion; the very best kinds of malleable iron being 
chosen, and that variety of Swedish known in the trade 
as " Hoop L," from its being marked with a letter L, 
surrounded by a ring or hoop, is much preferred. 
These bars are put about half an inch apart, and then 
between and upon them another quantity of cement is 
placed. Then a second tier of bars, then again cement, 
and so on alternately, until the troughs are nearly full. 
Lastly, a layer of cement, then some moist sand, and 
upon all a close cover of fire-tiles, so as to exclude 
the air. 

A coal fire is now lighted in the grate rising be- 
tween the troughs, and a full red heat got up — a tem- 
perature of about 2000® Fahr. This is kept steadily 
up for about seven days. 

During this time the bars gradually acquire a crys- 
talline texture, and the progress of the operation is 
tested from time to time by this change of structure, a 
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bar being withdrawn for the purpose by a hole at the 
end of each trough, called the proof-hole, and then 
broken for examination. When the operation is com- 
plete, some days are allowed for the metal to cool 
down gradually, after which the charge is withdrawn. 

On examination of the product, the charge (usually 
of about ten tons) would be found to have increased 
about Y^^th part in weight, and the bars externally to 
be covered with large blisters, from the expansion of 
gases within the substance ; hence the metal is called 
blistered steel. These blisters are supposed by Mr. 
Henry to depend upon the formation of bisulphide 
of carbon, from the union of the sulphur (retained in 
small proportion even by the best iron) with carbon, 
the volatile gas produced raising a skin of the hot 
metal. Against this it may be urged that Swedish iron 
is smelted by charcoal, and hence contains no sulphur. 
Others suppose that some oxide of iron upon the metal 
is similarly reduced, and the effect is then due to car- 
bonic oxide. But all rolled metals when slowly heated 
have a tendency to such blistering; thus a silver bar, 
or a silver and gold assay ribbon, will often exhibit 
just the same surface after a slow and good annealing. 

The increase of weight is, perhaps, the best test of 
the perfection of the steeling process, for it is not found 
to take place if iron of bad quality has been employed. 
Then, if the process be carried on too long, too much 
carbon will be absorbed, and the product will become 
so fusible that it will often run the exterior of the bars 
together in a mass. 

The blistered steel is the first, or rough manufacture, 
and the metal is employed in this state for files and 
any coarser tools; but there are several varieties of 
manufactured steel for finer kinds of cutting instru- 
ments. First of these " shear steel," is so named from 
being employed for tailors' shears. It is produced by 
cutting up bars of blistered steel into lengths of 2 feet 
6 inches, and binding them in bundles of eight or nine 
by a ring of steel, a rod being fixed for a handle. 
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These are then brought to a welding heat, and welded 
together under a tilt-hammer. The binding ring is 
then removed, and, after reheating, the mass forged 
solid, and then extended into a bar. At times the 
whole operation is repeated, when it is called ^'double- 
shear steel." The product of the tilt-hammer just 
described is also called '* tilted steel." 

Cast steel is the best variety for the manufacture of 
all fine cutting tools. This is a simple mixture of 
scraps of different varieties of blistered steel. These 
are collected together in a good refractory Stourbridge 
clay skittle-pot ; upon this a cover is luted, and it is 
then exposed to an intense heat in a wind furnace for 
three or four hours. When thus thoroughly melted, 
the pot is removed and its contents poured into an 
ingot-mould ; the pot is then refilled, and so on for a 
third charge; after which new pots have to be em- 
ployed. But the heat is more speedily got up in a 
warm used pot, whereby, consequently, an hour is 
saved in the fusion. 

The operations above described are for the purpose 
of rendering steel homogeneous in texture — a point of 
vital importance in all fine cutting instrumeuts (sur- 
geons' instruments, for example), for blistered steel is 
always less carburetted as we pass to the interior of 
the bar ; hence, when blistered is tilted, the same con- 
dition exists, although divided to just the extent to 
which the original bar has been cut and multiplied for 
welding; but in well-cast steel a perfect distribution of 
its elements will have taken place, but at the same time 
it is rendered more or less crystalline ; hence the ingot 
from the mould must be heated in a forge and well 
hammered, carefully at first, until the granular parti- 
cles are somewhat elongated into fibres ; then the blows 
are increased in strength ; and, lastly, the bar finished 
under the tilt-hammer, or by the rolling mill. 

In all kinds of steel the quality is much improved 
by this "hammer hardening," or working under the 
hammer until the previously hot bar is cold ; the sub- 
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stance will thus become much condensed. The author 
has found the finest kind of cast steel for forming small 
tools to be that sold as '* Huntsman's cast steel." 

Traces of other metals, or even more considerable 
quantities, are found, in some cases, much to improve 
the quality of steel. Thus Faraday and Stodart pro- 
pose adding small quantities of rhodium, silver, or 
chromium, either of which much improves the product. 
Mushet patented a process for adding titaniferous iron 
to steel ; and of late an iron sand has been found in 
abundance in New Zealand, which contains about 12 
per cent of oxide of titanium associated with magnetic 
oxide of iron. Portions of this have been reduced in 
England, and manufactured into steel, under the name 
of " Taranaki steel," from the place where the ore is 
found. This has been found to work most admirably 
into the finer kinds of cutting instruments, the polish 
and edge of which are superior to those attained in any 
ordinary kinds of steel, and are doubtless due to the 
titanium contained. 

Referring back to the proce^ whereby malleable iron 
is obtained, the excellence of which has been shown to 
depend much upon the absence of carbon as well as 
other impurities, it may strike the reader as an unne- 
cessary proceeding, first to separate carbon to produce 
malleable iron, and then subsequently to add it again, 
for the production of steel. 

This is true to some extent: hence steel is now 
largely made by employing the finer kinds of pigiron, 
and separating the excess of carbon from it, over and 
above what is required to form steel. Such steel is 
known as Bessemer's steel. The first experiments by 
this gentleman were with a view to the production of 
iron in a malleable state without the ordinary refining 
and puddling operations, and in 1856 he communicated 
to the British Association these details of his method : — 

He built a cylindrical furnace, of about 8 feet in 
diameter and 5 high, resembling a large crucible, and 
brought into the lower part, close to the bottom, five 

29* 
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Stourbridge clay tujferes from a powerful blowing 
machiae. Into the vessel he ran the crude metal from 
the blast furnace, until it occupied about 2 feet in depth, 
having previously turned on the blast of air. Imme- 
diately upon running in, a violent motion was given to 
it by the blast, and the union of the oxygen with the 
carbon of the metal produced so great an increase of 
temperature, that not only *wa8 no heat needed for 
maintaining fusion, but, on the contrary, sparks and 
even flame issued from the top of the chamber. In 
about a quarter of an hour all the mechanically diffused 
carbon was separated, and then action arose on chemi- 
cally combined carbon ; this was evidenced by violent 
increase of action, as well as of temperature, the metal 
seeming to boil and becoming covered with a frothy 
slag; during which the other impurities, as sulphur 
and silicium, are said by the patentee to be most com- 
pletely separated. Ultimately, at the expiration of 
some 80 to 85 minutes only, the iron is run out at a 
tap-hole in a pure and malleable state. 

Such were the first results of the process; but it 
has been since found that much of the sulphur, as also 
any phosphorus, is retained ; and, moreover, that there 
is great loss of metal by its retention in the slags 
formed : indeed, this is said to amount to fully 20 per 
cent. 

But it will be readily understood that if this admi- 
rable process be applied to^pig-iron, wherein these 
impurities do not exist, and if, also, it be stopped when 
the iron is brought to the degree of carbonization cor- 
responding to that of steel, a quality of metal is pro- 
duced exactly resembling good cast steel ; in fact, it 
is the same thing, and only requires further the rolling 
and mechanical treatment necessary to develop the 
fibre. This is now done, Swedish charcoal being em- 
ployed ; and the steel so produced, and sold as Besse- 
mer's steely is most excellent in quality and economical 
in manufacture. 

Although hammer hardening condenses and hardens 
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steel as it does most otiier metals, yet, in order to get 
' perfect and uniform hardness, other plans have to be 
pursued, whereby extreme hardness is insured; and 
then, for use in the various kinds of cutting tools, ka^ 
this extreme state is again lowered down to a fit degree 
by a subsequent operation, called tempering or " letting 
down." 

Now the hardening operation is based upon the fact 
that when steel is heated up considerably, and then 
suddenly cooled down, it acquires an extremely bard 
condition; and the wider we can separate the two 
points of hot and cold, the more perfectly bard it will 
become. The practice based upon this fact is, first, to 
heat up the metal to a full red heat, and then suddenly 
plunge it into cold water or some other similar medium; 
and that the effect is the result of this difi'erence is 
proved by the fact, that if we are unable to cool to 
any very low temperature, we may use such as can 
be controlled; but in that case the heating up must 
be to a higher temperature in proportion, or the metal 
will remain soft. This property of so becoming hard 
is one of the distinguishing points between iron and 
steel, for the former will not become sensibly harder 
or brittle by such treatment. 

But the great difficulty in hardening steel depends 
upon the circumstance of its being subject to the 
same accidents as glass, although, of course, in some- 
what less degree; for, like imperfectly annealed glass, 
hard steel will crack and fracture, or even fly to pieces 
by blows or sudden changes of temperature; or, another 
evil is the distortion which may take place during 
hardening, and this may occur to the extent of render- 
ing otherwise finished work quite unfit for the purposes 
for which it has been prepared. Such casualties will 
be readily accounted for when the manipulation and 
principle of the hardening processes have been ex- 
plained. 

In heating up the work, our main object is to render 
all parts requiring to be hard of a uniform temperature : 
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hence large works are placed either in a forge or else 
in a pan of charcoal ; and they may, if necessary, be 
protected in a cracible or convenient case of crucible 
ware, or even heated in a maffle where such a chamber 
is available. If the heating be in the open fire, it is 
best to employ cinders or coke as a fuel, and to get 
the heat up as well as possible before introducing the 
work; for if much bellows be used afterwards, the 
surface-is apt to oxidize. Hence the work is put into 
the hot fire, and well '^soaked," as expressed by the 
jworkman. It is then turned about so as to expose all 
portions equally to the heat ; and it is safer to be under 
than over the mark in heating, for overheating is sure 
to oxidize the work. And again, it is always found 
that steel which is attempted to be hardened after 
being too strongly heated is really rendered by no 
means hard ; and, moreover, the texture seems to be 
altered, for its tenacity is destroyed, and it exhibits a 
very coarse-grained fracture. Of course, the h%ating 
up of small work is much easier : such may be heated 
even in a candle or lamp flame; and, if need be, the 
temperature of the latter may be increased by means 
of the blowpipe. 

A consideration of the degrees of heat which are 
required in the aflerprocess of tempering, or adapting 
the work to its particular use by lowering its hardness, 
and consequent brittleness, may give us some clue to 
the amount of heat required in the operation we are 
considering. This degree ranges from 420° to 660** F.; 
and it may be stated that we cannot harden up to these 
points as might be supposed, but are obliged in all 
cases (as before remarked) to harden well up, and then 
lower down to such degree as will leave the m^tal in 
the best state for the particular use we wish it to serve. 
Hence, to harden effectively, the heat used must be 
somewhat above the highest of these degrees, and, 
indeed, verv considerably above when extreme hard- 
ness is neeoed; or, if this cannot be effected, we must, 
on the other hand, cool corresponding low. 
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Passing now to this cooling operation, it may be 
observed that, as a mediam for efiecting it, cold water 
is to be preferred to all others, altboagh we are some- 
what controlled as to its use by the size of the work 
operated apon ; for in the case of very small and deli- 
cate instraments, it woald render them too hard and 
brittle. Hence, for such, it is a common practice to 
heat them ap with a candle, increasing its power, if 
needful, by the use of a blowpipe, and, when of suffi- 
ciently high temperature, very suddenly withdrawing 
from the heat, and plunging them into the substance 
of the candle, when the required coldness is afforded 
by the cool tallow. 

Secondly. Small but somewhat larger objects than 
the last, after being similarly heated, may be cooled 
by being placed upon a solid mass of cold metal, which 
by its conducting power will rapidly withdraw the 
beat ; but it is always advisable to cover at the same 
time with a corresponding cold piece, or the side 
touching the metal will be harder than the upper one, 
and by consequence the work will be distorted just in 
the same proportion. 

Thirdly. As the work increases in size, more direct 
means may be used, and thus cold oil is at times em- 
ployed ; while, lastly, we come to the use of water, and 
nere, where the mass of metal is large, it is even cus- 
tomary to cool down to about 40® F. 

The execution of this cooling operation is a matter 
requiring extreme care. For example, if the work be 
a long and comparatively slender instrument, it must 
be plunged perfectly vertically, and as quickly as pos- 
sible; for, suppose it to be carelessly thrust in side- 
ways, or at any considerable angle to the surface, the 
part first touching the cooling medium will be con- 
tracted, and the instrument bent, and irrecoverably so, 
notwithstanding the other parts being in turn subjected 
to the cooling influence; because, metals being such 
perfect conductors of heat, the action of the water does 
not take place upon the upper surface at near so high 
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a temperature as it did upon the under, for conduction 
will have acted as much as the rapidity of the opera- 
tion will have allowed of, and certainly sufficiently so 
to upset the balance of so delicate an operation, and so 
to render the tool unequally hard and considerably 
distorted. 

Again, the same principle operates in larger and 
more solid works, not only producing distortion, but 
also the unequal condition of particles, which renders 
hard steel so analogous to glass ; for, in such large 
masses, the first effect of the cold is to harden a crust 
externally; this contracts upon the inner ones, and 
keeps them in a state of tension ; added to which, the 
internal particles cannot be brought into the same hard 
and contracted state as the outer, for the abstraction 
of heat from the latter will by just the amount elevate 
the temperature of the cooling material, and so weaken 
its efficiency. Hence so constrained a state of particles 
is produced that they will be exceedingly liable to 
restore their own balance by spontaneous cracking or 
fracture, which may take place during the cooling 
operation, or, at any rate, upon the action of the 
least external force subsequently — ^as a blow or fall, 
for example. 

In conclusion, it must be stated that all complex 
steel instruments should be forged and wrought pre- 
viously to hardening, with as much freedom and reg- 
ularity of substance as they will admit of; otherwise 
parts which have had most hammering will be more 
dense than the others, and their particles will be, to 
some extent, in this state of constraint, even before 
they are called upon to sustain the extreme tax they 
have to bear in hardening. 

As this capability of hardening occurs in steel and 
not in iron, it may of course be assumed to depend 
upon the presence of carbon in the latter, and hence 
cast iron is found from this cause to admit of hardening, 
and thus, what are known as "chilled castings'' are 
simply cast iron works, which have been produced in 
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a mould of metal, which by its good conduction has 
rapidly cooled down the surface of the molten metal, 
and rendered it superficially bard inconsequence. But 
it is a curious fact that this action is most effectually 
carried out by pouring the metal into a mould some- 
what heated up, rather than into one which is per- 
fectly cold. 

What is termed "cascrhardening" is really the for- 
mation of a casing of hard steel upon the surface of an 
iron article, and the operation consists in simply 
smearing the surface of the iron with some body rich 
in carbon, and capable of ready decomposition at a high 
temperature ; and then heating up considerably. There 
are many methods of carrying this out, but perhaps 
the following is the best. The surface of the work is 
first finished as carefully as possible, after which it is 
heated up to bright redness. It is then sprinkled over 
with ferrocyanide of potassium (or prussiate of potass). 
Now this is a salt which contains iron in itself, together 
with a gas rich in carbon, combined with potassium. 
It is decomposed at the high temperature of the iron 
upon which it is sprinkled, and its carbon is at the 
same time united with the surface metal, and converts 
it into steel. The work is next heated to full redness, 
and plunged into water, as in the ordinary hardening 
operation. Sometimes, in place of the above method 
of using the salt, it is made into a thin paste by mixing 
it with clay, then the metallic surface is coated with 
this, heated, and hardened. 

Mr. Roberts, in speaking of this operation (and it is 
one often performea in large engineering works), says, 
that *' where the heat is managed well, so as not to 
overheat the work, but is gradually got up over a 
space of 4 or 6 hours, the steelifying action may be 
made to penetrate some fths of an inch." But in 
general it penetrates about y'^th of an inch, as in gun- 
locks and the like. 

In large engineering works it is customary to employ 
in the place of the salt mentioned, horns, bones, or 
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leather cuttings, to heat the metal with. In fact any 
body rich in carbon, and easily decomposed. 

As certain tints or colors prodaced upon the surface 
of steel are always accurate indications of its state of 
hardness, so these are always taken advantage of in 
effecting the tempering operation. Passing op through 
these colors, commencing with those accompanying 
softness, they will be in the following order. First, 
pale blue, passing to green, is an indication of great 
softness, such as woula render any instrument quite 
unfit for cutting purposes; this tint is arrived at by 
reheating hard steel to a degree between 580^ and 
650°. 

Next the darker shades of blue, up to purple, as 
seen upon clock and watch springs, indicate a degree 
of more hardness, but with just sufficient of the oppo- 
site property to diminish their brittleness. These tints 
appear at 550° to 570°. 

Then a brown yellow, shading off to purple, is pro- 
duced by heating from 500° to 580°. This is em- 
ployed for instruments which have to resist blows, or 
jars, as in the case of saws, where the teeth actually 
strike upon the material each time the cut is reversed, 
or hatchets, adzes, and the like. 

Lastly, the various shades of yellow, from very pale 
to dark straw, arise at degrees between 420° to 500*^. 
The darker straws are preferred for wood tools, screw- 
cutting apparatus, and the like, and the paler for gene- 
ral metal tools. 

After having formed and hardened the instrument, 
the fi.rst step in tempering consists in cleaning the sur- 
face free from scale, and then polishing a portion. If 
it be a small article, it is next carefully heated in a 
candle or lamp, the bright part being closely watched, 
and immediately the required color is produced, the 
work is to be quickly removed and plunged into cold 
water as in harding. In truth this process resolves 
itself into a kind of hardening operation, the previous 
one being but a preliminary step, whereby the operator 
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insures his having hardness sufficient, which is brought 
down again to the required degree by this second one. 
This is, indeed, proved by the fact that if the metal be 
allowed to cool slowly, after heating to color, it would 
by so doing undergo a kind of annealing, and become 
again converted into soft steel. But the quick cooling 
determines its hardness, corresponding to the tint down 
to which it has been softened. 

A very good method of heating small works fol* 
tempering is effected by heating a bar of iron well red 
at one end, and then fixing it in a vice, thus progress- 
ing to the cold end, any required temperature may be 
insured, and the temperatures of different parts of the 
heating bar will be soon learned by experience, pre- 
suming 'that one of the same size is always used, and 
it be heated uniformly. 

Some mechanics use a method of forming and 
hardening small works, without tempering, by employ- 
ing a manipulation based upon the fact that a long 
instrument, after hardening, trill exhibit gradations 
throughout its length from extreme hardness at the 
point which first touched the cooling medium, down 
to comparative softness at the further end. Hence 
they take a piece of ste^l much longer thau needed, 
and harden it. It is next ground away until a part is 
arrived at where its temper suits the objects required, 
at which point the tool is fashioned. But this plan, 
requiring much experience, is not always successftil. 

Mercury has been recommended in place of wate^ 
for hardening, as in itself a good conductor of heat, 
and also because it is said that on the first immersion 
of a piece of hot metal in water, the particles adjacent 
are converted into steam, and by this the metal is to 
some extent protected from the influence of the cold. 
But against this objection it may be stated that the 
formation of steam cannot be effected without the ab- 
straction of much heat, for 970^ must be taken into 
the latent state by the water before its physical condi- 
tion can be so changed. And again mercury is very 
30 
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readily yaporized, and the metal is thos equally sar- 
rounded by vapor, and one which, in truth, will be 
less effective iu the operation of its production than 
the vapor of water. 

In conclusion, it has been already stated that the 
capability of being hardened by sudden cooling affords 
a means of discriminating between steel and iron ; and 
•a further means consists in dropping a little nitric acid 
upon the metal. If it be a piece of iron, solution will 
take place, and a green spot appear from the iron salt 
formed; but if it be steel, the spot will be gray, 
dependent upon the carbon set free during the solution 
of the metal containing it. 

Compounds of Iron. Oxides. — Four may be enume- 
rated: First, the protoxide or base of the protosalts, 
composed of one equivalent of iron with one of oxygen. 
Second, sesquioxide, also a salifiable base, where two 
of iron are in union with three of oxygen. Third, an 
oxide known as magnetic oxide, composed of one 
equivalent of each of the two first, and hence bein^ a 
compound of three of iron with four of oxygen ; the 
ordinary scale of heated iron is this oxide ; it consti- 
tutes the loadstone, or natural magnet, and also the 
chief ore from which Swedish iron is obtained. Fourth, 
ferric acid, obtained only in combination with alkalies, 
to which it plays the part of a weak and unstable acid. 
Thus, if sesquioxide of iron be further oxidized by 
heating with nitrate of potassa, the higher oxide pro- 
duced combines with potassa, forming a ferrate of 
potassa. 

The first compound or protoxide of iron may be 
obtained by dissolving a protosalt in water, as free as 
possible from air, and then precipitating by an alkali. 
Thus a white hydrate falls, which rapidly passes to 
green, and ultimately to reddish brown, by absorption 
of oxygen. If air be as much as possible got rid of 
during its preparation, and the precipitate be boiled 
cautiously, it becomes black from loss of its water of 
hydration. It cannot be isolated from the fluid, for 
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any attempt to dry it ends in its conversion into the 
sesquioxide. Symbol, FeO. Equivalent 86. 

The sesquioxide is obtained in a hydrated state by 
dissolving iron in nitro-hydrochloric acid, and adding 
to this solution ammonia in excess: in this way a 
bulky brown hydrate falls. This may be dried at 
212^ without losing its water, or, rather retaining 1 
equivalent; to drive off this, a temperature of about 
600** is required. The hydrated oxide readily dissolves 
in acids, and forms salts ; but when thus deprived of 
its water, it becomes very insoluble in acids. The 
ordinary rust upon iron is composed of this oxide, as 
are also some of the ores of iron — the haematites, for 
example; and the polishing material used in plate-glass 
works, and by silversmiths, under the name of *' rouge," 
is this anhydrous oxide in a fine state of division. 
Symbol, Fefiy Equivalent, 80. 

Chlorides. — There are two, corresponding to the 
oxides just described: the first, or protochloride, may 
be obtained by dissolving iron in hydrochloric acid, 
and crystallizing; thus green crystals are obtained, 
composed of Fed -f 4H0. 

The peixihloride may be obtained by dissolving the 
sesquioxide in hydrochloric acid, and evaporating the 
solution: thus deep-red crystals are obtained, composed 
of Fe,Cl3 + 6H0. 

If the solution be evaporated to dryness, and then 
heated, the sesquichloride will sublime out in laminss, 
which are anhydrous. 

Sulphides, — No less than five have been enumerated, 
but of these only two are important: First, a proto- 
Bulphide may be precipitated as a black hydrate by 
adding an alkaline sulphide to a protosalt of iron ; but 
if allowed to remain a short time in the liquid, the iron 
will be sesquioxidized, and its sulphur set free. Proto- 
Bulphide of iron may be obtained (but mixed with 
more or less sulphur of iron, as either may have been 
in excess) by heating a mixture of iron filings and 
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^ulpbur together: in this way we get a inetallio-IookiDg 
mass, whioh Is our source of hydrosulphuric acid. 
The coDipositiop of, this sulphide is FeS. Equivalent^ 
44. 

The interest pf the bisulphide consists in its large 
diffusion as iron pyrites, and from its containing 63 
per cent, of sulphur is hence used as a sonroe of sul- 
phur in the manufacture of sulphuric acid; but, as it 
commonly contains traces of arsenic, such acid is very 
liable to be contaminated with the latter. It is also a 
large source of the copperas of commerce, or impure 
sulphate of iron. Composition, FeS,. Equivalent, 60. 

In the discrimination of iron, the characters brought 
out are very distinctive, and much varied according 
as the metal may be in the state of protoxide or c? 
sesquioKide in the body under examination ; but the 
great tendency of the former compounds to absorl> 
oxygen causes them always to give more or less indi- 
cation from the application of tests properly serving 
for salts pf the sesquioxide. 

Au iron compound of either degree of oxidation 
will, when heated in the blowpipe-oxidizing flame 
with a little borax, give an orange-yellow bead. If 
this be removed and heated in the reducing flame, it 
is changed to green, the iron being so reduced to 
protoxide. 

. Ist. If iron exist in the state of protoxide, the solu- 
tion will be of a green color, and no precipitate will 
be produced by hydrosulphuric acid in an acid solu- 
tion, but there may be a slight one if the solution is 
neutral. 

2d. Sulphide of ammonium will produce a black pre- 
cipitate of protosulphide, which is insoluble in excess 
of the precipitant. 

8d. The alkalies, potash, soda, or ammonia, produce 
corresponding precipitates of hydrated protoxide. 
This, at the moment of its formation, is white, but 
passes rapidly through shades of light green, and ulti- 
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mately brown — the latter being an indication of its 
conversion by air into sesquioxide. If chloride of 
ammonia be present in tb« solution when the ammonia 
test is added, it will redissolve the protoxide thrown 
down. 

4th. The characteristic test is ferridcyanide of potas- 
sium, which produces a deep-blue precipitate, known 
as TumbuU's blue. On the other hand, when this test 
is applied to a solution in which the iron exists as a 
fiesquioxide, it merely changes th^color of the solution 
to a dark-green, without forming a precipitate. 

Reactions of the Sesquioxids. — 1st. Hydrosulphurio 
acid produces a white precipitate of sulphur, which 
renders the solution milky: this depends upon the re- 
duction of the sesqui into protoxide, by its oxygen 
uniting with hydrogen of the hydrosulphurio acid, and 
forming water. 

2d. Sulphide of ammonium throws down a sesqui- 
sulphide, which in color and appearance resembles the 
protosulphide. 

8d. Alkalies throw down a very bulky brown hydrate. 
This is not soluble in excess of the precipitant, and, 
when produced by ammonia, the precipitation is not 
affected by the presence of an ammoniacal salt. 

4th. Ferrocyanide of potassium may be named as a 
characteristic test : it produces a precipitate of Prussian 
blue. This test does not so act in protosalts of iron, 
bnt, with them, gives a white precipitate, which, how- 
ever, becomes blue by exposure to air, and consequent 
oxidation. 

6th. A solution of sulphocyanide of potassium gives 
a blood-red color to a solution of a sesquisalt. 

6th. Tincture of galls will immediately blacken water 
containing very small traces of sesquioxide of iron in 
solution. 

Iron is always estimated as peroxide, and for this 
purpose a solution containing it is always boiled with 
a little nitric acid, or with chlorate of potassa, or some 
other oxidizing agent. After this the oxide may be 

80* 
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precipitated by excess of ammonia, washed, dried^ 
ignited, and weighed. (See page 822.) 

Iron may be separated /rom most of the metals 
hitherto considered, by virtue of its non-precipitatioD, 
by hydrosulphuric acid. Thus, to take an instance, 
the analysis of copper pyrites (a mixed sulphide of iron 
and copper) may be briefly detailed. 

The mineral may be boiled with strong nitric acid ; 
this dissolves the iron and copper, and separates the 
sulphur. The oxidizing influence of the acid may con- 
vert small portions of the latter into sulphuric acid ; 
and it also sesquioxidizes the iron. The sulphur then 
being filtered away, the copper is precipitated by hydro- 
sulphuric acid; the precipitate is filtered out, tho- 
roughly washed, and partially dried, so as to be able 
to separate it readily from the filter ; this is done, throw* 
ing the precipitate into a beaker, and adding the ash of 
the filter, which is subsequently burned for the purpose. 
The whole is then treated with nitro-hydrochloric acid, 
by which it is oxidized, and its sulphur separated ; after 
which the copper is precipitated as oxide by potass, 
boiled, filtered, washed, ignited, and weighed. (See 
page 287.) 

Lastly. The iron solution, filtered away from the 
precipitate by hydrosulphuric acid, is to be again 
boiled with a little chlorate of potassa, lest any of the 
iron may have been reduced to the state of protoxide 
by the hydrosulphuric acid; after which it is to be 
precipitated by ammonia, and separated as above 
described. 
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CHAPTER XIX. 

KIOKBL. 

NiCKBL was discovered by Oronstedt in 1751, It 
is not employed unalloyed, bat largely in the forma- 
tion of the class of alloys known as German silver, 
electrom, nickel silver, and some others ; all of which 
are alloys where the color of copper ^their basis) is 
overcome by varying proportions of nickel and zinc 
added; and in cases where the metal is made for 
founding purposes, a very small percentage of lead is 
also incluaed. 

The ore from which nickel is largely obtained is 
speiss, a residue from the manufacture of smalt, and 
being a very wpure arsenio-sulphide of nickel. It is 
also obtained from kupfer-nickel, a diarsenide of nickel, 
as well as from some few other minerals. 

Nickel is very analogous to, and always associated 
with, cobalt ; and as the separation of these two is an 
operation of some chemical difficulty, it is found 
necessary, in obtaining this metal even for commercial 
uses, to have recourse to processes more chemical than 
purely metallurgic in their details. 

Of the ores employed, perhaps speiss is the most 
general source : this contains somewhere about 6 per 
cent, of nickel ; and out of the many processes em- 
ployed for working this, the one devised by Louyet, 
and carried on at Birminghan, may be taken as an 
excellent one. 

He first makes a mixture of speiss, fluor spar, and 
chalk, and, having fused them together, separates the 
slag; after which the residue containing the metals is 
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powdered and roasted for 12 hours, so as to separate as 
mach arsenic as possible in the state of arsenious acid. 
The roasted powder is next digested in hydrochlorio 
acid, and the solution obtained diluted largely with 
water ; after which ordinary bleaching powder (known 
commercially as chloride of lime) is added gradually, 
so as to peroxidize the iron present, which is subse- 
quently precipitated by addition of milk of lime, as 
long as it throws any precipitate down. With this 
sesquioxide of iron is associated any arsenic not sepa- 
rated by the above roasting operation. 

The liquid, together with the washings of this pre- 
cipitate, has next a current of hydrosulphuric acid 
passed through it, until a portion filtered out will give 
a black precipitate with ammonia. 

The hydrosulphuric acid precipitates any copper, 
lead, or bismuth contained, leaving the nickel in solu- 
tion, together with cobalt. Afterr boiling to get rid of 
excess of hydrosulphuric acid, enough lime is added 
tQ neutralize any acidity, and now an addition of bleach- 
ing powder will peroxidize the cobalt; and upon again 
filtering the solution, the nickel may he obtained by 
the addition of milk of lime: it falls as a hydrated 
peroxide. Lastly, this is reduced to the metallic state 
by heating with charcoal in a blast-furnace. 

In place of the above operation, the speiss may be 
roasted, and then made into a paste with sulphuric acid ; 
this is gently heated, and, after a time, the beat carried 
to a full red. In this way the sulphates are decom- 
posed, and the mass is now to be at once extracted by 
water, and the insoluble matters filtered out. Bisul- 
phate of potassa is next added to the solution, and the 
liquid, after this, evaporated down and set aside for 
crystallization. The crystals are composed of oxide 
of nickel and potassa; these are ignitea, and then dis- 
solved in water. To this solution carbonate of potassa 
added will throw down the nickel as carbonate of 
nickel, from which the metal may be obtained' in a 
state of purity. 
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Prcperiiee, — It is a white metal, inclining to steel- 
gray, very hard, and, when pure, susceptible of a high 
polish ; it is ductile, and very tenacious : when pure, 
It is malleable, but this property is much diminished 
by the presence of carbon ; it is capable of welding, is 
magnetic, and has a specific gravity of 8.82 when 
hammered; it is slowly soluble in sulphuric or in hy* 
drochlorio acid — freely so in nitric or in aqua regia. 
If heated strongly in the air, it is oxidized. Symbol, 
Ni. Equivalent, 29.5. 

There are two oxides of nickel analogous to those 
of iron, namely, a protoxide and a sesquioxide. 

The first is precipitated from a nickel salt by a fixed 
alkali, by which means it falls as a bulky pale apple- 
green hydrate — the characteristic color of salts of 
nickel. This oxide is again soluble in acids, forming 
salts of nickel. The water of the hydrated oxide may 
be driven o£f at a strong heat, but the anhydrous oxide 
is best prepared by igniting the carbonate in a covered 
crucible ; it is of a brownish-green color. Ammonia 
or chloride of ammonium dissolves this oxide, forming 
darker blue solutions. Its composition is NiO. Equi- 
valent, 37.5. 

The second, or sesquioxide, may be formed by heat- 
ing the carbonate as in the last case, but gently, and 
with exposure to air; in this way a black powder is 
obtained. This is in8«iluble in acids; but upon heating 
it in nitric or sulphuric acid, salts of protoxide will be 
obtained. Composition, Ni,0^. Equivalent, 83. 

A chloride having a composition NiCl may be 
obtained by dissolving the protoxide in hydrochlorio 
acid, and evaporating the solution to dryness. The 
residue may be sublimed in yellow scales.. 

There are three sulphides — a disulphide, a protosul- 
phide, and a bisulphiae. The principal one — viz., the 
protosulphide — is not precipitated from nickel solu- 
tions by hydrosulphuric acid, but may be so thrown 
down by sulphide of ammonium. Thus it falls in a 
bydrat^ state, as a black powder. It may also be 
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formed in the aDhydroua state by heating nickel and 
sulphur together; action is very violent, and the com- 
bination takes place at a lower point than the fusing 
point of sulphur. 

Dtscrimi?iaiwn of Nickel. — 1st. Hydrosulphuric acid 
causes no precipitate if the solution of the nickel salt 
be acid; but if acidified merely by a vegetable acid, or 
the solution be quite neutral, partial precipitation will 
take place. 

2d. Sulphide of ammonium gives a black precipitate. 
This sulphide is slightly soluble in excess, and will 
give a brown tint to the solution. 

3d. The alkalies throw down green precipitates of 
hydrated oxide; that formed by ammonia is soluble in 
excess. Thus a clear blue solution is formed to which 
an excess of potassa added will throw down oxide of 
nickel in combination with some potassa. 

4th. Alkaline carbonates throw down a carbonate of 
nickel of similar appearance to the oxide; this, again, 
is, like it, quite insoluble in the fixed alkaline precipi- 
tants, but soluble in excess of carbonate of ammonia. 

6th. When heated in the reducing flame of the blow- 
pipe, with a little borax or carbonate of soda, a gray- 
colored bead is formed, owing to the reduction of the 
metal itself; and such a bead may be dissolved, and 
the metal actually collected by the magnet. With 
borax in the outer flame, a deep yellow or orange 
glass is produced while hot, which loses much of its 
color as the bead cools down. 

In estimating nickel, it is always done as protoxide, 
and by precipitating the metal by potassa: but owing 
to the tendency of oxide of nickel and potassa to com- 
bine, continuous washing is necessary before we can 
dry and weigh the precipitate. 

Its separation from copper and zinc, as in the analysis 
of German silver, will be considered in the chapter on 
Zinc. 
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CHAPTER XX. 

MANGANESE AND COBALT. 

The two metals now to be briefly examined are not 
employed in the reguline state, and of their compounds, 
tbeir oxides are the only ones at all largely useful, 
being in each case used as coloring or other fluxes. 

Manganese. 

Metallic manganese may be prepared from the com- 
mon native black oxide, by first treating it with 
hydrochloric acid. This converts the manganese, and 
iron also, which is associated with it, into chlorides. 
These are dissolved out of the mass, evaporated to 
dryness, and then heated so as to volatilize the sesqui- 
chloride of iron. The residue is then digested in 
water, filtered, and precipitated by carbonate of soda ; 
pure carbonate of manganese falls, which on heating 
leaves a pure oxide. This latter is to be heated in- 
tensely in a charcoal lined crucible, when it will be 
reduced, but the metal will retain a little carbon, which 
latter may be removed by again fusing with borax. 
Thus a grayish white metal is obtained, of a granular 
texture, but so greedy of oxygen that it can only be 
preserved like potassium, viz., under naphtha. The 
specific gravity is 8.018. Symbol, Mn. Equivalent^ 27.5. 

There are no less than six oxides of manganese, 
^rhe first, or protoxide, forming the basis of all ordi- 
nary salts of the metal. If potassa be added to a 
manganese salt, we get this oxide precipitated as a 
bulky white hydrate, which soon becomes brown by 
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absorption of oxgen. The anhydrous protoxide is a 
green compound, and may be obtained by heating 
binozide of manganese in a current of hydrogen gas. 
Protoxide of manganese forms deep flesh-colored salts 
with acids. Composition, MnO. Equivalent, S5.6. 

The binoxide is the native ore, and the body largely 
used in the arts. The minerals, wad and pyrolusite, 
are hydrated forms, the latter being crystalline. The 
binoxide is our best source of oxygen gas, which is 
evolved from it when simply heated to redness. Again, 
chlorine and the chief bleaching compounds are manu- 
factured by its agency. The former is obtained when 
we heat diluted hydrochloric acid and the binoxide 
together, the resulting bodies being, chloride of man- 
ganese, water, and chlorine, as shown in the equation — 

MnO,4-2HCl=MnCl+2HO+Cl. 

Binoxide of manganese is employed in glass manu- 
factories for overcoming the green tint of ordinary 
glass; but if too much be us^, an amethyst color is 
produced, as in the old French plate glass ; this is said 
by some to be an optical, and not a chemical effect. 
It is also the base which gives a deep brown color in 
enamel, or glass painting. For these finer uses it must 
be specially prepared, for which purpose Berthier gives 
a very good method. He heats nitrate of manganese 
to dull redness. This drives off the nitric acid, and 
at the same time converts the residue into a mixture 
consisting of binoxide, with a small percentage only 
of the original protoxide. The former is dissolved 
out by some fresh boiling nitric acid, the cake having 
been previously powdered. Lastly, the resulting pow- 
der is washed, and then again heated to low redness, 
keeping it constantly stirred. It is a very dark brown 
powder. Composition, MnO,. Equivalent, 48.5. 

There is a sesquioxide of a composition between the 
protoxide and this binoxide, viz., composed of Mn^Oj. 
This is the residue left after distillation of oxygen from 
the latter. It is also found native. 
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Then there is a red oxide, which has a compositioa 
between the protoxide and sesqaioxide, viz., MujO^ or 
MnO,MD30,. And, lastly, two oxides having acid pro- 
perties, viz^ manganic acid, MnO,; and permanganic, 
Mn/),. These acids have not been isolated. 

discrimination of Manganese. — 1st. Any manganese 
compound may readily be recognized before the blow- 
pipe, by heating it with borax in the oxidizing flame, 
when a violet bead will be produced. If this be 
brought into a reducing flame, it is rendered colorless. 
If simply fused upon platinum wire with a little car- 
bonate of soda, a greenish bead results, which is opaque. 

2. Hydrosulphuric acid gives no precipitate in man- 
ganese solutions if they are acid, and a very slight one 
if neutral. 

Sd. Sulphide of ammonium gives a very bulky, 
flesh-colored precipitate in neutral solutions. A slight 
exposure to air converts this into the brown ses- 
quioxide. 

4th. Alkalies or their carbonates throw down white 
precipitates, and in the case of ammonia this is soluble 
in excess. 

6th. Ferrocyanide of potassium also gives a white 
one, but if any iron be present we get a blue tint from 
it, hence this test is useful in showing the purity of 
these salts as regards iron. 

All these white precipitates become brown upon ex- 
posure to air, in a similar manner to the flesh-colored 
sulphide. 

(]tb. Mr. Crum's method of detecting manganese is 
so delicate as to indicate very minute traces. It de- 
pends upon the formation of permanganic acid, as 
shown by the fine red tint of the latter body which is 
produced. It is thus executed : Dissolve the com- 
pound in a little nitric acid. Then add binoxide of 
lead, and boil the mixture, when the least trace of 
manganese will produce the red tint mentioned, 
31 
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Cobalt. 

This metal, like manganese, is never employed in 
the metallic state, and, moreover, being associated in its 
ores with nickel, it can only be qaite freed from the 
latter by very careful and protracted manipulation. 
Hence the bulk of the specimens of cobalt are mag- 
netic, which property is probably due to the nickel. 
The ores of cobalt are zaffre, an impure oxide, and 
glance-cobalt. The latter being a compound of cobalt, 
iron, and arsenic, with sulphur. 

The metal itself may be prepared by heating zaffre 
in hydrochloric acid, previously adding to the latter a 
little nitric. When dissolved the solution is treated 
with hydrosulphuric acid, which precipitates all the 
metals contained, except the cobalt and iron. Having 
filtered out the sulphide, the clear liquid is boiled 
with a little strong nitric acid, in order to peroxidize 
the iron, after which carbonate of potassa is added to 
throw the whole down. Then after washing this pre- 
cipitate, it is digested in oxalic acid, which converts 
the carbonate of cobalt into an insoluble oxalate, while 
it dissolves out the iron. After washing the cobalt 
salt, intensely heating it in a porcelain crucible will at 
once reduce the metal. The crucible must be encased 
in a clay one, as the heat must not only be as strong 
as can be commanded, but must also be maintained 
from three-quarters of an hour to an hour. 

Cobalt is a reddish-gray crystalline metal, which 
fuses at a temperature somewhat below iron. Its spe- 
cific gravity is 8.96. It is soluble in either of the 
three acids, sulphuric, hydrochloric, or nitric; expo- 
sure to the air oxidizes it completely. Symbol, Co. 
Equivalent, 29.6. 

The oxides of cobalt are two, the protoxide composed 
of an equivalent of cobalt with one of oxygen ; this is 
the base of the cobalt salts. It is prepared in an 
anhydrous condition by precipitating nitrate of cobalt 
by carbonate of potassa ; thus a pink carbonate falls, 



COBALT. 363 

mixed with a portion of hydrated oxide. The preci* 
pitate, after washing, is heated to a moderate degree 
in a tnbe from which the atmosphere is excluded, for 
if this precaution be not taken, a peroxide will result. 
So obtained it is an ash-gray powder. The hydrated 
oxide is a blue precipitate, which is thrown down from 
a soluble cobalt salt by potassa. It cannot be precipi- 
tated by ammonia, as it is perfectly soluble in that 
precipitant. If exposed to air, it absorbs more oxygen, 
and acquires a dirty green hue. 

The oxide of commerce is the per- or sesquioxide; 
it is largely used by glassmakers, enamellers, and 
others, for imparting the rich azure blue known as 
cobalt blue. For these uses it is prepared upon a large 
scale, and by calcining speiss cobalt, the product of 
smelted cobalt ores. This calcined speiss is treated 
with hydrochloric acid to dissolve it, after which milk 
of lime is added to precipitate arsenic and iron. Hy- 
drosulphuric acid is next passed through the solution 
to throw down other metals, care being taken that the 
liquid be well acid, or a black sulphide of cobalt would 
be precipitated by the gas. Lastly, the cobalt com- 
pound is itself precipitated by bleaching powder. 
When the precipitate is heated to redness it forms the 
^blue oxide,^' but if the heat be carried to whiteness, 
" prepared oxide." 

Smalt is a blue color, employed in the arts for giving 
a pale blue tint to porcelain and pottery, also for glass 
staining. For the former uses ordinary smalt is em- 
ployed where the color is diluted with other admix- 
tures, but for the latter a factitious smalt is preferable, 
where the composition of ordinary smalt is imitated, 
but wherein pure oxide of cobalt is used. 

For ordinary smalt the ore is powdered and levi- 
gated, after which it is roasted in such a manner as to 
render foreign metals as inert as possible. This done, 
a quantity of pearlash (or rough carbonate of potash), 
some nitre, and a quantity of sand are vitrified together. 
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This mixtare when cold is ground up, and sold under 
certain trademarks expressive of its quality. 

It will be seen in the above process, that the sand 
and carbonate of potassa form a genuine glass, while 
another portion of the sand, bj union with the oxide 
of cobalt, forms a silicate of cobalt, and the result is 
actually glass colored by silicate of cobalt. Good 
smalt ought not to contain lees than 12 per cent, of 
oxide of cobalt, and a very excellent manufacture of 
this substance is now carried on in Sweden, where it 
is improved by the previous separation of the arsenic 
and iron from the ore. 

Dtscrimirwiion of OobaU. — 1st. Compounds of this 
metal, when heated in the oxidizing flame of the blow* 
pipe with a little borax, g^ve a very deep blue bead, so 
intense that the most minute quantity must be em* 
ployed in order to obtain the peculiar blue of the metal. 

2d. Hydrosulphuric acid gives no precipitate in acid 
solutions. 

Sd. Sulphide of ammonium precipitates a black sul* 
phide from neutral solutions. 

4th. Potash in excess gives a rose-colored oxide, but 
if the potash be in small quantity, the precipitate will 
be blue. 

6th. Ferrocyanide of potassium gives a brownish- 
green precipitate. 

6th. Ferridcyanide of potassium throws down a red- 
dish-brown one. 

Lastly, solutions of cobalt salts when dilute, pass up 
from rose color to deep red as they become more con- 
centrated, and from red to lilac and blue, dependent 
upon the quantity in solution. Many of the dilute red 
solutions may be changed to blue by heating, the liquid 
assuming the original tint as it cools. 
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CHAPTHa XXL 

TIN. 

Thsbb is written evidence that tin has been known 
as a metal for more than 2800 years, in fact, nearly as 
long as gold, silver, or iron. In the early times the 
sapply to other parts of the world was derived chiefly 
from Britain, ana, as at the present time, from Cornwall 
and Devon, where it exists in veins as a binoxide, or 
tin-stone. The nodular masses, known as stream tin, 
and found in the beds of rivers, as also in alluvial soils, 
are water- rounded portions of binoxide in a very pure 
state. And the same ore at times occurs crystalline, 
in forms belonging to the right prismatic system. 
Lastly, it is found as tin pyrites, wherein it is associated 
with sulphides of iron and copper. British tin, with 
that from the Island of Banca, now constitutes the 
great bulk of the metal, but it is also found in Austria, 
Siberia, Saxony, Bohemia, America, Mexico, and Aus- 
tralia. 

Its metallurgy is tolerably simple. The ore is first 
washed t(» separate earthy impurities^ and the larger 
masses and stones broken up; it is sorted as to its 
quality and association with other metals, and thus 
divided generally into three qualities as regards its 
richness. After this classifying it is completely pow- 
dered in a stamp-mill. The iron stamps, weighing 
about half a hundredweight each, being so arranged 
as to work in a kind of box or trough, through which 
a 9tream of water flows during the crushing operation. 
By this the powdered ore is carried away into tanks, 
passing first over long inclined troughs, during which 
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passage the ore will again separate into three classes 
The richest, being the heaviest part, rests on the first' 
or upper portion of the trough, the poorest passes right 
away to the lower, while there will be retained an in- 
termediate quantity of ore, also of corresponding or 
middle quality. 

A second separation of this kind, depending upon 
gravity, is now effected b^hrowing the ore in shovel- 
fuls into a large vat, capable of containing 100 gallons 
of water (or even more). In this the powder is well 
stirred up, by which means, on leaving it to subside, 
it forms a top layer of nearly worthless gangue, a 
middle, which being richer in ore is set aside for another 
washing, and a lower, which is ready for smelting. 

The ore is now in a fit state for the first furnace 
operation, which is one of roasting. For this purpose 
about half a ton is worked in an ordinary reverberatory 
furnace. Thus the sulphur, when present, and any ar- 
senic, which latter is usually associated with the ore, are 
driven off, and any other metals are converted into light 
oxides, excepting only any contained sulphide of cop- 
per, but this, during the operation, joined with after ex- 
posure to air and moisture, becomes sulphate ; washing 
will then remove the whole of the above impurities. 

In some works a. peculiar kind of reverberatory is 
used for the last operation, viz., one wherein the bed 
is made to rotate by machinery; during this turning 
all parts of the ore become equally exposed to the 
heat, which, by the assistance of frequent stirring of 
the mass, effects a most complete separation of the 
volatile matters of the ore. 

The tin*stone or roasted ore, as thus selected, is now 
ready for the smelter ; and, in this country, his opera- 
tion is always carried on in an ordinary reverberatory, 
but with a very low arch ; the bed is of fire-brick, and 
peculiar in having a shallow air chamber formed under 
it, which is continued into the bridge ; this is to pre- 
vent the overheating of the materials of which the 
furnace is formed. The charging-door is at one side, 
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and at the back and by the side of the flue is a door 
through which the charge is worked. Then, opposite 
the charging door is a channel closed by a plug during 
working, but leading to a large iron pot; and into 
this latter the metal is allowed to flow by this channel 
when its reduction is effected. 

In working, the ore is mixed with an average quan- 
tity of about 16 per cent, of anthracite, and about 1 
ton of this is charged in, a little calcareous flux, as 
lime or fluor spar, having been added at the same 
time. After spreading over the floor, the fire is urged 
in intensity over a period of 6 or 8 hours. The work- 
ing door is then opened, and the charge well stirred 
and mixed; after which the doors are again closed, 
and the heat maintained for a time, when some moist 
ash is thrown over the surface, and the scorias formed 
rakeil off. This is reserved in order to separate any 
grains of metal skimmed with it. A clear bath of 
metal is thus left in the furnace; the plug is therefore 
withdrawn from the exit channel, and the whole 
allowed to flow into the iron pot, where, after letting 
it remain for a time, that 
the slag may rise to the sur- 
face, it is lastly skimmed, 
and the metal ladled into 
moulds. 

In Germany tin is 
smelted much in the same 
way as iron is in England ; 
and for this purpose a 
small blast-furnace, as 
shown in the drawing, is 
used. A granite body, a, 
is formed; and in front 
of this is placed a water- 
cistern, B; into this the 
slags of the operation are 
allowed to flow, while the metal reduced is carried by 
another channel into the reservoir, o. The body is 
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inclosed above by a hood. The fael employed is 
charcoal, and the whole arrangement is worked very 
mach in the way of our iron blast, air being thrown in 
by similar means ; but, although the Germans assert 
that the product is better, there is much loss of metal 
compared with the English method, and, moreover, the 
consumption of fuel is much greater. 

The smelting operation does not afford pure tin, but 
metal in which iron, lead, arsenic, and sometimes 
tungsten, bismuth, or copper, may exist as impurities. 
Hence the ingots are subjected to an operation of 
liquation, in order to separate the pure tin from 
them. For this they are placed in a reverberatory, 
and heated very gently ; thus the purer tin, fusing first 
at a low temperature, is allowed to flow off; while the 
portions associated with the impurities, being more 
infusible, remain unmelted in the furnace. After the 
first fiuid portions are collected, the remainder is 
removed, fused, and sold as "block tin.'* Lastly, the 
fine portion is subjected to a kind of polling (resem- 
bling the copper operation), but in this instance per- 
formed with a bundle of wet poles, whereby steam is 
generated upon their contact with the fused and hot 
metal, by the escape of which agitation is given to the 
mass sufficient to carry impurities to the surface for 
skimming off. Afterwards the fine product is cast, and 
sold as '* bar tin," or broken up as grain tin, the metal 
being heated up for the production of the latter to a 
point whereat it becomes brittle (if pure), and so capa- 
ble of breaking up readily. 

As tin is a metal likely to become of more extensive 
use in dental practice, the methods for obtaining 
chemically pure tin may now be considered. For this 
purpose good commercial tin may be taken and dis- 
solved in hydrochloric acid; thus .hydrogen will be 
evolved, and the metals all converted into chlorides, 
with the exception of antimony and arsenic If either 
of these be present, it will combine with hydrogen and 
be evolved as a gas, viz., as antimoniuretted or arse- 
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7)iDretted hydrogen, and some of the antimony may 
also remain as an insoluble residue. 

Any residue being separated by filtration, the liquid 
is to be evaporated to a small bulk, and then treated 
with nitric acid. This will convert the tin into insol- 
uble metastannic acid, a crystalline white body. The 
whole is now to be evaporated to dryness, and then 
washed with a little hydrochloric acid ; after which it 
is to be thrown upon a filter, thoroughly washed and 
dried, and subsequently reduced by mixing it with 
charcoal, and heating strongly in a crucible, when a 
button of pure tin will result. 

Dr. Miller advises the use of a voltaic process for its 
production. He makes a concentrated solution of tin 
in hydrochloric acid, and, decanting it into a beaker, 
pours water cautiously upon it, so as to form a layer 
of dense liquid, covered with a separate one of water. 
A bar of tin then placed in the liquid will have the 
pure metal deposited from the solution, and upon the 
introduced bar, just at the point of junction of the 
metallic solution and the water. 

Properties, — Tin is a metal very nearly approaching 
silver in whiteness, and its surface bears a high polish, 
which is not tarnished by exposure to dry air. Al- 
though a crystalline metal, it is very soft and malleable, 
and may readily be beaten into a very tenacious foil, 
but it is not ductile at ordinary temperatures, and can 
only be drawn into wire by heating it up to about 
212^. It is readily crystallized by fusing, cooling 
slowly, and then, pouring away the last fluid portions, 
eight-sided needles, or else rhombic tables, are so pro- 
duced ; and it may also be separated from the proto- 
chloride of tin by decomposing the latter by means of 
slow action with the galvanic battery. In such a way 
it will be slowly deposited upon the negative pole after 
a few days' action. 

Tin will give a peculiar crackling sound if a bar of 
it is bent, and after a time will become considerably 
heated by such means; this is produced by the friction 
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of the molecules or crystals upon each other during 
this bending action. The specific gravity of tin ranges 
from 7.178, that of the crystals, to 7.295, when well 
rolled. Tin fuses at 442^, and casts of this metal con- 
tract somewhat a{)on cooling — hence losing sharpness. 
When exposed to air during fusion, it oxidizes rapidly, 
and, indeed, burns brilliantly if the heat be carried 
above the fusing point; but at ordinary temperatures 
the brilliant white surface of tin is andestroyed. 

The three mineral acids act upon it with energy. 
By sulphuric it is oxidized, and a sulphate of the pro- 
toxide results; hydrochloric acid converts it into a 
chloride of tin — hydrogen being evolved in both these 
cases. Nitric acid acts more slowly upon it if the acid 
be concentrated ; but, if dilute, its action is very vio- 
lent, and the tin, in place of dissolving, is converted 
into a pulverulent but crystalline peroxide. 

The alkalies, potash or soda, when heated with it, act 
upon ity their water of hydration being decomposed ; 
and thus hydrogen is set free, and the resulting com- 
pound is a salt wherein the oxidized tin acts as an acid 
to the alkaline base. 

If a piece of tin be rubbed by the hands, it will 
communicate a peculiar and disagreeable odor to 
them ; this depends upon the action of animal matter 
upon the metal — a fact worthy of observation in con- 
nection with the employment of tin as a plugging 
material. The symbol of tin is Sn. Equivalent, 69. 

Gompounds, Oxides. — Several oxides of tin are de- 
scribed, but the two principal are the protoxide and 
the binoxide. 

The protoxide is the base of the salts of tin. It 
may be prepared by adding an alkaline carbonate to 
protochloriae of tin, when a chloride of the alkali- 
metal is formed. Carbonic acid escapes, and stannous 
oxide (or protoxide) falls as a white hydrate. This 
can be rendered anhydrous, and so preserved, by wash- 
ing with water recently boiled, and then drying in a 
retort, but in an atmosphere of carbonic acid or hydro- 
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gen. Thus a black, permanent powder is left ; but the 
hydrate will, in its moist state, absorb oxygen readily. 
Composition, SnO. Equivalent, 67. 

Peroxide of tin, or stannio acid, is capable of two 
chemical modifications, determined by the way in 
which these two forms will combine with bases. Thus 
Berzelius describes this oxide under the heads of 
stannio and parastannic acids, which have also been 
later examined and classed by Fremy as stannic and' 
metastannic acids. Tn both these the tin and oxygen 
are in the ratio of 1 equivalent to 2 ; thus the former 
is actually a compound of 1 equivalent of tin to 2 of 
oxygen, but combined with 1 equivalent of water. 
But in the latter 6 equivalents of tin are united with 
10 of oxygen, and take 10 of water, which it retains 
if spontaneously dried; but Fremy states that if 
dried at 212^, 5 equivalents of this water will be parted 
with, and lastly, that the oxide will be rendered anhy- 
drous by ignition. 

The form called stannic acid is prepared by precipi- 
tating a solution of bichloride of tin by carbonate of 
lime — not in excess; thus a gelatinous precipitate falls, 
slightly soluble in water, capable of reddening litmus, 
and forming with bases a class of salts called stannates. 

The variety termed metastannic acid is the product 
of the ordinary oxidation of tin by nitric acia. The 
white crystalline powder formed must be washed with 
cold water, and dried at a moderate temperature. This 
also has distinct acid properties; it reddens litmus, 
combines with bases, and so forms a class of salts 
called metastannates. If dried and ignited at a dull 
red heat, it is rendered anhydrous, and produces the 
yellow polishing powder known as "putty powder." 
This is much employed in glass and porcelain work, 
for furnishing a white enamel, for it vitrifies very 
readily with glass fluxes. For a white opaque porce- 
lain enamel it is mixed with rather more than its own 
weight of felspar, and fluxed on with a flux of borax, 
flint, and red-lead. As an opaque enamel, its white 
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color may be tinted by admixture of other oxides: 
thus a small quantity of oxides of zinc and iron, mixed 
with it, will give a brownish yellow, or yellow brown, 
according to their relative proportions. 

Chlorides. — Tin forms two compounds with chlorine, 
much used by the dyer and calico-printer, as tin 
crystals or salts of tin, and as nitro-muriate of tin. 
The former is the protochloride, and may be prepared 
by dissolving tin in hydrochloric acid, and, when 
action has ceased, diluting with about four times its 
bulk of water, filtering and crystallizing: thus pris- 
matic crystals are formed, which, on solution in water, 
will not, however, give a clear solution without the 
addition of some hydrochloric acid. The solution is 
largely used as a deoxidizing or reducing agent : thus, 
as has been already shown, it readily reduces salts of 
mercury, silver, gold, and even iron. Mercury is in 
this way separated for estimation (see page 140); and, 
again, its action upon iron salts, as also upon gold 
compounds, is shown (see page 220). For tnese uses 
it may be formed in solution ; but, if preserved as 
such, some fragments of tin must be kept in it, or it 
will become perchloride. Its composition is SnOl. 
Equivalent, 94.5. 

The bichloride may be formed in solution by era- 
ploying the protochloride, and mixing it with twice 
the bulk of hydrochloric acid it already contains, and 
then exposing it to the air for a time; or tin may be 
at once dissolved in aqua regia, which should be formed 
with rather an under quantity of nitric acid. This 
compound mav also be crystallized. Composition, 
SnCl^. Equivalent, 180. 

Both these compounds may be formed in the an- 
hydrous state. 

Sulphides. — Protosulphide of tin is formed like the 
iron compound, by heating tin with sulphur. The 
metal is heated somewhat above its fusing point, and 
sulphur is then thrown in. The mass obtained is 
pounded; and again heated with sulphur in a close 
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vessel, when at last a lead gray, lamellar, crystal]! ne 
compound is obtained. A hydrate is formed by adding 
hydrosnlphuric acid, or sulphide of ammonium, to a 
solution of a protosalt. By heating this it may be 
rendered anhydrous. Composition, SnS. Equiva- 
lent, 75. 

There is a sesquisulphide, and also a bisulphide. 
The latter is a yellow compound, known as aurum mu- 
sivum, and obtained by mixing an amalgam of tin and 
mercury with a quantity of sal-ammoniac and sulphur. 
On heating this mixture in a flask, calomel and a bi- 
sulphide of mercury sublime, and the bisulphide of tin 
remains in brilliant yellow scales. It is used as a 
bronzing powder by painters. 

Alloys.— T\n readily forms an amalgam with mer- 
cury, in fact it may be said to dissolve very easily in 
the latter metal. The chief use of this amalgam is for 
"silvering" looking-glasses. This operation isefiected 
by employing a large perfectly flat stone table, of the 
size of the glass to be amalgamated, or larger. Upon 
this a sheet of tin-foil is spread evenly, and it must be 
without the least flaw or break in its surface, or the 
latter will show a faulty place upon the glass. This is 
next covered with clean mercury, by pouring it, and 
spreading it uniformly until it lies about one-eighth of 
an inch deep. The plate of glass having been per- 
fectly cleansed from grease or impurities upon its sur- 
face, is next floated on to the mercury, commencing at 
one end and sliding it down below the surface of the 
me^l. It is then pressed down by loading it consider- 
ably, so as to press out all mercury which does not 
enter into the composition of a solid amalgam, and 
which excess of mercury is received in a gutter sur- 
rounding the stone. Lastly, after allowing it to rest 
for a day and a night, it is raised by slow degrees upon 
its edge, whereby the remaining superfluous mercury 
drains away. After a few weeks it may be framed, 
but it is usual to do so in such a way as that the lower. 
82 
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end from which it has drained shall come at the bottom 
of the frame. 

The refuse of this operation is the source of mercury 
occasionally getting into the market contaminated with 
tin. 

Tin, as employed for plugging operations, has no 
tendency to adhesion or welding, although its soft and 
non-elastic nature allows of its packing well together, 
and so forming solid plugs ; but it is a question as to 
whether or not its surface might be carefully touched 
with a little pure mercury, just previously to intro- 
ducing it into a cavity, using for the purpose thicker 
foil than usual, or the mercury is apt at once to dissolve 
it; thus, by superficial amalgamation, the surfaces will 
have a tendency to adhere, and form a solid, semi-amal- 
gamated mass. If this be practicable, it would form 
a stopping not much inclined to shrink, as the whole 
of the mercury employed would only very partially 
amalgamate the tin. For in the case of thorough amal- 
gamation of tin by mercury, the compound has a 
specific gravity above the mean, showing that conden- 
sation takes place in it, a change not desirable in a 
plug. 

Tin is already employed as a stopping amalgam, but 
not alone, the tin being first alloyed with a small pro- 
portion of silver, and a .yet smaller one of gold. This 
alloy is then finely divided, and the mercury added at 
the time of using; but very little judgment can be 
formed of the ultimate condition which such complex 
amalgams will assume, more especially as to the amount 
of condensation taking place, which, if it be large, will, 
of course, render the plug not solid in the walls of the 
cavity. 

Tin forms a hard but malleable alloy with silver in 
all proportions, condensation taking place by the mix- 
ture. It is very white, but very easily oxidized. 

With gold, tin forms a malleable alloy, only, how- 
ever, if the tin be quite pure. Mr. Alchorne has shown 
that gold containing ^'^th of tin may readily be rolled, 
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and even coined. Indeed, gold brought to standard 
by tin is yet malleable. The specific gravity of this 
alloy in all cases exceeds the mean, and its color is 
rendered of a paler yellow than gold, bat with none 
of the greon tint observable in alloys of gold with 
silver. 

Berzelins formed a precipitated alloy of tin and gold, 
in the condition of a blackish powder, by acting upon 
a concentrated solution of chloride of gold, by one of 
protochloride of tin in excess. This was capable of 
burnishing, and of fusion into a button. 

Tin in filings, heated with' spongy platinum in equal 
proportions, forms a hard and brittle alloy of a dark 
color, and somewhat fusible. Two parts of tin to one 
platinum has the color of tin, but is brittle, and it is 
not until the tin is in the proportion of 12 to 1 that it 
becomes malleable. Considerable evolution of heut 
attends the heating of these together; and Clarke 
states, that if tin and platinum foils be rolled together 
and heated before the blowpipe, combination takes 
place explosively. 

Tin forms a very brittle alloy with palladium. 

The alloys of tin with lead constitute pewter, and 
^Iso an important class called "solders ;" and, in regard 
to these, it may be remarked that mixtures of tin and 
lead are not only more fusible than the mean of their 
constituents, but they are also harder and considerably 
tougher. In forming them, the lead should be fused 
first, and then the tin put in ; thus oxidation of the 
latter is diminished as much as possible; and this ob- 
ject may be also furthered by covering the contents of 
the melting*pot with charcoal or anthracite powder. 
When the amount of tin rises a little above one-third 
of the mixture, and up to two part^ of tin to one of 
lead, the alloy will throw out well-defined circular 
spots upon its upper surface, when cast in a sheet. 
This depends upon partial separation of the compo- 
nents of the alloy when in these proportions; but as 
it becomes yet richer, the spotting gradually disap- 
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pears, and is as much absent at last as in an alloy 
containing below the amount of tin above mentioned. 
Indeed, this appearance affords the plumber the indi- 
cation of the quality of solder he is making. 

Pewter is composed of four parts of tin to one of 
lead. "Fine solder," of two of tin to one of lead. In 
"ordinary solder" they are in equal proportions; and 
in "coarse*' the weight of lead amounts to twice that 
of the tin. These alloys all expand, so that their spe- 
cific gravity is lower than the mean of their consti- 
tuents. 

The addition of bismuth to alloys of tin and lead is 
found to lower their melting point in so extraordinary 
a degree, as to have given the name "fusible metal" to 
this triple alloy. Some of these mixtures melt at points 
below 212°, or the heat of boiling water; and the pro- 
portions which will give the most fusible compound 
are two parts of bismuth to one of lead and one of tin; 
and it will be seen, upon considering the equivalents 
of the metals, that these quantities will be just about 
two equivalents of tin to one of lead and one of bismuth. 
This alloy is largely employed for taking casts, and 
its value for this purpose is much increased by the 
fact of its expanding on cooling; and hence giving 
extremely sharp and well-defined models. 

An alloy of these constituents is employed as a sofk 
solder for pewter. The proportions for this are one 
part of bismuth to two of tin and one of lead. 

Tin alloyed with antimony constitutes Britannia 
metal, the best varieties of which are composed of tin, 
with just sufficient antimony to give hardness. For 
this purpose the proportions of antimony may range 
from eight to twelve per cent. Some kinds contain 
also bismuth, zinc, and copper, but these are inferior 
to the first formula. 

An inferior kind is made under the name of "Queen's 
metal." In this 76 parts of tin are alloyed with 8.5 
parts of antimony, 8 of bismuth, and 8.5 of lead; but 
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the use of the latter metal is always avoided in good 
Britannia metal. 

The ordinary kinds of type metal are formed of lead, 
with antimony added in such quantity as to harden it, 
and enable it to sustain the wear of the press. Twenty 
parts of antimony to eighty of lead form a good alloy, 
as such metal fuses readily, and gives sharp casts; but 
it has been found that if a small amount of the lead is 
substituted by tin, the type is yet sharper, and resists 
wear much better. For this five per cent, of tin is 
found sufficient. Thus an excellent metal is formed of 
lead seventy-five, tin five, and antimony twenty parts. 

Tin may be combined with copper in any proportion, 
and forms with it alloys known as gun, bell, and spe- 
culum metals, or bronze; the relative proportions of 
the constituents determining the character and uses of 
the alloy. Bell metal is formed in the proportion of 
seventy-eight parts of copper to twenty-two of tin ; to 
these two per cent, of antimony is occasionally added. 
In gun metal for ordnance purposes only ten per cent, 
of tin is mixed with ninety of copper; but this propor- 
tion is often exceeded in metal for engineering use^. 
Speculum metal is an exceedingly hard alloy, capable 
of receiving a very brilliant surface by polishing; 
whence it is employed for the reflectors of telescopes. 
It is somewhat brittle. For the best result the copper 
and tin should be in the proportion of two to one, and 
a little arsenic improves quality. Thus a good for- 
mula is — six parts of copper, three of tin, and one of 
arsenic. 

Genuine bronze is a compound of copper and tin 
only, but much of this alloy contains zinc also, as the 
new coin of this country, for example (page 392). 
Where metal is intended for the die-press a good pro- 
portion will be ninety-three of copper to seven of tin. 
This forms an alloy much harder than copper, and also 
more fusible. It will resist oxidation better, but its 
hardness renders annealing necessary when it is used 

3Z* 
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for coinage purposes. With respect to the method of 
annealing, Mr. Brande, her Majesty's chief coiner, states 
that tempering, or heating and slowly cooling; produces 
an effect directly opposite to that taking place in steel, 
and that it renders bronze quite hard and brittle. 
Therefore it is heated to redness, and quenched in 
water. After which it is found to be quite soft and 
workable under the press or in the lathe. Bronze is 
▼ery liable to have air- holes formed in casting; and 
its constituents have much tendency to separate upon 
fusion. 

Tin plate, of which ordinary tin vessels are made, is 
actually iron coated with tin ; but in forming it, the 
iron having its surface thoroughly cleansed from oxide, 
is next immersed in a bath of melted tin ; consequently, 
the clean iron surface will be actually alloyed with the 
latter. The sheets are subsequently dipped in tin a 
second time, after which any excess deposited is re- 
moved by plunging them into a qualitity of melted 
tallow. 

Discrimination of Tin. — 1. When a tin compound is 
heated by the blowpipe in the reducing flame, with a 
corresponding flux, a malleable globule of tin will be 
afforded. 

2. Hydrosulphuric acid may produce a chocolate- 
brown precipitate in a tin salt, or else a dull yellow 
one. If the former, it will show the solution to have 
been one of a protosalt ; if the latter, it will indicate 
the presence of a persalt. 

8. Sulphide of ammonium acts in the same way in 
each case ; and the precipitate produced by this reagent 
is soluble in an excess of an alkaline sulphide. 

4. Potassa or soda produces a white precipitate, solu- 
ble in excess. If the solution be that of a protosalt, 
a black precipitate will fall upon boiling the clear solu- 
tion ; if it be that of a persalt, boiling will not disturb it. 

5. Ammonia throws down a white precipitate, in- 
soluble in excess, if the solution contained a protosalt, 
but soluble in excess if a persalt. 
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6. Chloride of gold is the characteristic test for tin ; 
in a dilate solution it will precipitate the purple of Cas- 
sius; if the solution be more concentrated, this precipi- 
tate is brown. 

The estimation of the quantity of tin in a compound 
is always made by converting it into binoxide; and in 
this way it may be separated from nearly all other 
metals. Arsenic and antimony are exceptions, and 
also lead, if the solution of the metals contain sulphuric 
acid. To efi'ect this separation, a nitric acid solution 
is madC) and then evaporated to a very small bulk ; by 
this, the binoxide of tin is thoroughly separated. Next, 
any foreign metals are removed from it by washing 
this precipitate well with dilute nitric acid, and after- 
wards with water. After which it is d«ied, ignited, 
and weighed, when every 100 parts indicate 78.66 of 
tin. 

A few examples may here be given of the analysis 
of compounds containing tin. 

CJompounds of tin with lead only, as solders, pewter, 
and the like, are examined by taking an accurately 
weighed quantity of 26 grains, or thereabout, and dis- 
solving it in somewhat dilute nitric acid ; afler heating, 
the tin will be all oxidized. The liquid is then diluted 
and the oxide of tin filtered out, washed, ignited, and 
weighed. 

Sulphuric acid is then added in excess to the re- 
maining solution and washings, and the liquid is evapo- 
rated down to expel the nitric acid. Next the sulphate 
of lead is filtered out and washed, then removed from 
the filter into a porcelain crucible; the filter is now 
burned over the latter, so as to add its ash to the lead 
precipitate, after which the crucible is heated; and, 
lastly, the sulphate of lead weighed, whence the quan- 
tity of lead is calculated. 

Fusible metal, which contains bismuth in addition 
to the above, may be analyzed similarly by solution in 
nitric acid. Then an excess of ammonia, and a quan- 
tity of sulphide of ammonium are added : thus the tin 
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is separated, and by digesting it for a time in a flask is 
redissolved as a sulphur salt, while the sulphides of lead 
and bismuth remain. These are filtered away from 
the clear liquid, and washed well with water oontainiDg 
sulphide of ammonium, after which they are dried, and 
then separated from the filter into a porcelain basin ; 
to this the filter ash is added, after burning; next strong 
nitric is put upon this, containing also a little sulphuric 
Thus the sulphides are oxidized, and by treating them 
with water, after having evaporated the excess of acid, 
sulphide of bismuth will dissolve out, leaving the sul- 
phate of lead ready for washing: this is done by water 
containing a few drops of sulphuric acid, ana after- 
wards by pure water. It is then dried and weighed. 

The solut^n containing the bismuth is completely 
precipitated by carbonate of ammonia ; after standing 
some time the precipitate is separated, washed and de- 
composed, by heating to redness in a porcelain cruci- 
ble. Thus teroxide of bismuth is left for weighing. 

Lastly, returning to the sulphur salt of tin, hydro- 
chloric acid is added to its solution. Thus the tin is 
separated as bisulphide; this is decomposed and oxi- 
dized by heating in a porcelain crucible with exposure 
to air, and the oxide of tin remaining may then be 
weighed. As most specimens of bronze contain zino, 
this analysis will be considered under that article. 

An amalgam of tin may be analyzed by dissolving 
a weighed quantity of it in aqua regia ; when dissolved, 
a small excess of ammonia is to be added, and then 
sulphide of ammonium, also in excess; this is digested 
for a few hours in a covered flask ; the result is analo- 
gous to the one in the analysis of fusible metal already 
given, viz., the tin sulphide will enter into the forma- 
tion of a sulphur salt and will be taken into solution, 
while the sulphide of mercury remains undissolved; 
this is filtered out, washed with water containing sul- 
phide of ammonium, and then the filter dried at a low 
temperature in a close crucible. The mercury may 
then be weighed and calculated as protosulphide; but 
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if very accurate estimation is desired, in place of thus 
drying, it must be digested in hydrochloric acid, and 
chlorine passed through this until all the mercury is 
converted into chloride. The solution is then filtered, 
and the mercury estimated by protochloride of tin 
(page 140). 

The tin is estimated as in the case of fusible metal, 
but in both these the crucible in which the sulphide of 
tin is ignited should have a small piece of carbonate 
of ammonia held in it at last, in order to separate any 
traces of sulphuric acid likely to remain. 
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CHAPTER XXIL 

ZIKC AND CADHIUK. 

Thb ancient Greeks were aoqaainted with an ore 
called by them Gadmia, and employed for mixing with 
copper to form brass. But the actual separation of 
the metal zinc (or spelter, as it is commercially termed) 
from this ore is an operation of more recent date. 
The ores are oxide, sulphides, silicates, and carbonate 
of zinc. 

Red oxide of zinc is an amorphous ore, but occa- 
sionally found crystalline. It is obtained largely in 
New Jersey, and is shown by Berthier to be a com- 
paratively pure oxide, containing 88 per cent, oxide of 
zinc, the remainder being made up of oxides of iron 
and manganese. A mass of this ore weighing 16^400 
lbs. was shown in the Great Exhibition of 1851. 

Blende is a sulphide of zinc, varying in color and 
appearance according to its association : thus, when 
black, it commonly contains sulphide of iron ; when 
of a reddish tint, and streaked, it is mixed with sul- 
phide of lead. It is at times found brown, green, and 
even yellow. It contains on an average about 62 per 
cent of zinc with 82 of sulphur. 

Native carbonate or calamine is an abundant ore, not 
only in our own country, but also in Belgium, Silesia, 
and the United States. It contains about 60 per cent, 
oxide of zinc, and 85 carbonic acid. This, also, is 
generally associated with small quantities of oxides of 
iron, lead, and manganese. 

The separation of the metal from these ores is an 
easy operation, and especially so in the case of cala- 
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intne; but with blende containing foreign salphides, 
and more particularly that of lead, it is somewhat more 
diiScolt, and requires some twelve hours' roasting to 
drive off its sulphur. Calamine is first roughly broken 
up, and then toasted; this drives off water and car- 
bonic acid, and during this change the mineral will 
generally become sufficiently crumbled to powder very 
easily. This done, the powder is next mixed with 
half its weight of small anthracite ; and the ore for 
smelting, frequently made up of equal parts of cala- 
-mine and roasted blende, is now ready for the reducing 
operation. In England, a 
furnace of the construction 
shown in the outline draw- 
ing is employed. It is a 
kind of kiln, of the shape 
and build of an ordinary 
glass working furnace; in 
the centre of this, and raised 
upon masonry, is a fireplace, 
on each side of which is 
arranged a row of very 
large crucibles. A, A, often 
as large as 4 feet high, and 
capable of containing about 
8 cwt. of ore, together with 
the requisite quantity of 
coal for reducing it. Over 
these pots a dome or arch 

is thrown, D; this latter has a series of holes in it, one 
being formed over each pot, which serves for introduc- 
ing the charge, luting the pots, &c., and there is a door 
in the outer cone corresponding to each opening. 
Each pot is perforated at the bottpm, and has a short 
tube luted into the opening, as shown in the left- hand 
pot; this is just long enough to pass through the stone 
table on which the pots stand, down into a cool cham- 
ber below. Upon the floor of this is placed a small 
crucible or iron dish, c, one under each reducing pot, 
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and rrom the short tubes a long movable piece of iron 
tube, B, passes down into the dishes. Thus the opera- 
tion is one of distillation, per deacensum^ wherein the 
volatile product, instead of rising, descends and con- 
denses in the coo^ receptacle placed below. 

The charge of ore and coal having been introduced 
into each pot, the lids are luted on, and the fire got up, 
the long tubes, B, being not yet attached; after a full 
red heat has been attained flame issues at the short 
tubes; and as soon as it becomes of a bluish white 
color, indicating the combustion of zinc, the long tube 
connecting with the under crucible is put on, and the 
distilling metal will now condense in drops, and pass 
down the tubes into the pots below. Any portion of 
the solid contents of the crucible is prevented passing 
down the tubes by first stopping them with a plug of 
soft wood; this, becoming carbonized by the heat, 
allows of the free passage of the metallic vapors 
through its pores. As portions of the distillate pass 
in the form of powder, and also of oxide of zinc, it is 
necessary to remove the tubes occasionally, and clear 
them by means of an iron rod, lest by choking they 
should cause explosion. The distillation will occupy 
about 36 hours. About 6 tons per week of ore are 
created in one of these English furnaces, and with an 
expenditure of about 12 tons of coal ; this will produce 
about 2 tons of rough metal, which is lastly melted, 
and the oxide and impurities skimmed ofi) so as to 
leave the metal clean. 

Large quantities of zinc are now reduced in Belgium 
at the Yielle Montague company's works; the ore 
there is a mixture of carbonate and oxide. This is 
roasted, but in place of using a reverberatory, as here, 
a kind of open kili; is employed, and the roasted ore 
is distilled in long tubular retorts of fire clay of about 
8 ft. 6 inches long by 6 inches in diameter ; these are 
arranged with an inclination downwards to the re- 
ceivers, and in a tall furnace, in 8 tiers of 6 each ; thus, 
as the upper rows are further from the furnace heat, 
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which is below all, the most readily reducible ores are 
placed in these upper ones. Condensation is effected 
in two tubes which are attached to the retort, each of 
about 1 ft. 4 in. long, but both tapering ao that the 
outer end of the second is not more than an inch in 
diameter. These condensers are removed every two 
hours during working; the outer one contains oxide 
of sine, which is reserved for working with a fresh 
charge, the inner one reduced zinc, which is raked 
out into a ladle, and separated from any oxide, the 
metal being subsequently cast into ingots. About 12 
hours suffice to work a charge of 48 retorts. 

In Silesia the ores are reduced in a retort somewhat 
like our gas retorts, being a kind of muf9e of about 3 
ft. long by 1 ft. 6 in. high ; from the front of this an 
earthen pipe passes out, and down to a condensing 
arrangement placed also below. 

The preparation of pure zinc is an operation of some 
difficulty, but it is one absolutely necessary where 
zinc has to be employed, as for the evolution of hy- 
drogen, where arsenic is examined for by Marsh's test 
(see page 816); for ordinary zinc is almost universally 
found to contain traces of arsenic. 

Maillet gives a process, in the Journal de Pharmacie, 
which, he says, yields zinc quite pure, as regards 
arsenic or iron. He first fuses and granulates the 
raetal finely, then covers a crucible at the bottom with 
nitre, and next puts the metal in, but mixed up with 
nitre; lastly, covering the whole with another portion 
of nitre, so that the whole quantity of the latter will 
thus amount to one-fourth the weight of the zinc. It is 
now heated until brilliant combustion succeeds, when 
it is taken out of the furnace, the slag removed, and 
the zinc poured out. 

Various plans have been proposed for redistilling 

the commercial zinc, either in the ordinary way or 

even in an atmosphere of hydrogen ; but zinc, after 

distillation, will be found to retain all volatile impuri- 

33 
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ties; and hence the only way to obtain pore zinc is by 
solution, and subsequent separation of the impurities. 

For this purpose the zinc may be dissolved in pure 
sulphuric acid: thus a sulphate of zinc is formed, and 
an insoluble sulphate of lead, if that metal were pre- 
sent. The solution is diluted and filtered, and then 
hydrosulphuric acid passed through the clear solution ; 
this will throw down any arsenic and cadmium. These 
are to be separated, and the liquid treated with car- 
bonate of ammonia in excess: thus iron is precipi- 
tated, and any zinc falling redissolved in the excess of 
the precipitant. Then carbonate of soda is added to 
the solution filtered from the iron, and the carbonate 
of zinc thrown down separated, washed, and dried; 
next, by igniting this in a porcelain crucible, pure 
oxide of zinc is obtained, which is to be mixed with 
its own weight of pure carbon, and distilled in a por- 
celain retort. Lastly, if carbon be present, as it may 
be by the mode of reduction, the pure product must 
be distilled a second time to separate it. 

Properties, — Zinc is a bluish-white metal, having a 
lamellar texture and crystalline fracture; indeed it is 
crystallizable in long six-sided prisms. If hammered 
or rolled, its crystalline texture causes it to split and 
break up ; but it may be extended into sheets by care- 
ful rolling when heated to about 260^. Its specific 
gravity is 7.00. It fuses at 778°; and when main- 
tained in fusion and heated somewhat above that 
point, it burns with a blue flame, and is dissipated as 
oxide of zinc. In moist air this metal soon becomes 
coated with a superficial coat of oxide, which so 
closely covers it as to protect the metal below most 
perfectly. It is readily soluble in nitric, hydrochloric, 
or sulphuric acids, and even in a boiling solution of 
potash. It shrinks very little on cooling, and hence 
castings taken in this metal have peculiar sharpness, 
which property is said to be increased by alloying it 
with a little tin. Symbol, Zn. Equivalent, 82.7. 



ZING AND CADMIUM. 887 

Binary Oampounda of Zinc. — With oxygen zinc 
forms a protoxide, the product of its combustion, and 
known by old writers as flowers of zinc. The usual 
method of preparing this oxide consists in throwing 
granulated zinc into a bright red-hot crucible; but it 
is apt to be contaminated with particles of metal: these 
may, however, be removed by washing. It may be 
obtained in a hydrated state, by dissolving sulphate 
of zinc, and precipitating by ammonia, potash, or 
8oda; but the alkali must not be in excess, or the 
oxide will be redissolved. It is a pure white powder, 
which, by heating, turns yellow, resuming its original 
color upon cooling. Composition, ZnO. Equivalent, 
40.7. 

Chloride of zinc is formed by dissolving the metal 
in hydrochloric acid, and evaporating to dryness; 
hydrogen is evolved during solution. If the residue 
be heated to redness in a tube, it forms a white mass, 
which, if heat were continued, may be readily distilled. 
This solid was formerly employed as a caustic in sur- 
gery, under the name of butter of zinc. The solution 
of the metal in acid is now much used, under the 
name of Burnett^s solution: it is powerfully antiseptic; 
it should be made with as little free acid as possible, 
but, under any circumstances, it is slightly acid ; when 
very strong, its concentrated solution will deposit por- 
tions of oxide of zinc on dilution. Composition, ZnCl. 
Equivalent, 68.2 

Sulphide of zinc is found native as blende, bat zinc 
and sulphur have but a feeble affinity for each other, 
and hence this compound cannot be formed by fusing 
the constituents together. Berthier formed it by de- 
composing anhydrous sulphate of zinc, by heating it 
to redness in a charcoal-lined crucible: after keeping 
up the heat for an hour, he obtained a yellow crystal- 
line sulphide. Zinc salts are not precipitated by hy- 
drosulphuric acid, but a white gelatinous sulphide is 
precipitated as a hydrate from neutral or alkaline 
solutions of zinc, by means of sulphide of ammonia. 
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This ifl soluble in acirfs, and is readily oxidized by 
th% air. Composition, ZnS. Equivalent, 48.7. 

AUoyB. — With mercury zinc forma a very brittle 
amalgam, whatever be the relative proportion of the 
oonstitoents. The metals combine in the cold by 
adding zinc filings to mercury, and very readily 
when melted zinc has mercury warmed and dropped 
into it The amalgams may generally be powdered, 
and this brittleness is shown even when 5 parts of 
mercury are combined with 1 of zinc. 

Silver and zinc form a whitish, malleable alloy 
when the proportions do not exceed 2 parts of zinc to 
1 of silver. Oold and zinc unite, and by addition of 
1 part of gold to 2 of zinc the latter is rendered 
whiter. Gold rendered standard by zinc (that is, con- 
taining 1 to 11) is of a greenish yellow color, and 
brittle, and has a specific gravity above the mean. 
Hellot states that if 1 part of gold be mixed with 7 
of zinc, and heated strongly, the whole alloy vola- 
tilizes. 

2inc combines with platinum, and also with palla- 
dium, and the union in both cases is attended with 
evolution of light and heat, and hence combination 
may be effected at a low temperature. Two parts of 
spongy platinum with 8 of zinc give a bluish-white, 
hard, and brittle alloy, which fuses easily. Zinc will 
all(»y with lead, and the compound will be as ductile 
and malleable as lead, but it is rendered harder. 
From such an alloy the zinc may be distilled away. 

Zinc and copper form brass. With a very small 
quantity of zinc copper is rendered of a paler red, and 
it gradually passes to yellow as the quantity is in- 
creased, becoming brightest when the metals are in 
equal proportions. The best brass is formed by union 
of two equivalents of copper to one of zinc, or sixty- 
four pans of the former to about thirty-six of the 
latter. Brass of seventy-five parts of copper to twenty- 
five zinc fuses at 1750°, and the larger the amount of 
zinc the more fusible the product A small quantity 
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of lead in brass will injure its wire drawing qualities, 
but about two per cent, much improves its working 
in the latbe, by diminishing its toughness. A little 
tin increases its hardness. When the zinc is in excess, 
the brass becomes very brittle, and the most brittle 
kind is that composed of two equivalents of %inc with 
one of copper. Ordinary malleable brass is also 
rendered brittle by heating or annealing, and old brass 
wire will at times become perfectly brittle from having 
assumed quite a crystalline state internally. Brass 
may be much hardened and condensed under the 
hammer. Two parts of brass to one of zinc form the 
best solder for brass. Silver solder is an alloy of brass 
and silver. The best formula for it is silver sixty-five, 
copper twenty-four, and zinc eleven parts. 

What is known as mosaic gold is actually a good 
form of brass: it is made by fusing equal weights of 
copper and zinc, and then adding zinc by degrees, until, 
passing through various tints of yellow, red, and purple, 
the fused alloy is quite white. This assumes the color 
of fine gold upon cooling, and preserves an unoxidized 
bright surface. 

The alloys known as nickel silver, or German silver, 
are formed of copper with nickel and zinc: a very 
good quality is made, according to Miller, by 61 parts 
of copper with 80.6 zinc and 18.4 nickel ; this is in the 
ratio of Gu 6, Zn 8, and Ni 2 equivalents. But the 
best form is 66 parts copper, 21 of nickel, and 24 of 
zinc: this gives a very silvery metal. Where, how- 
ever, it is intended for electro-plating, for which pur- 
pose it is now very extensively manufactured, the pro- 
portion of nickel may be diminished. In forming 
German silver the copper and nickel must be first 
melted, and then the zinc added to prevent oxidation 
of the latter. The alloy has a crystalline structure, and 
before rolling it must be well annealed, so fis to over* 
come this as completely as possible. 

Iron may be superficially coated with zinc, as readily 
as by tin. Such a manufacture is now carried on, for 
•^ 83* 
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prodacing what is knowD as galvanized iron. Thia is 
effected by first well cleaning the surface of the iron, 
and then plunging it into a bath of fused zinc, the lat- 
ter being kept covered with sal-ammoniac, in order to 
Erevent oxidation. The process was at first carried on 
y depositing the metal by galvanic agency ; hence the 
name. But although iron is easily covered with zinc 
by the battery, the method above described is now 
always practised instead. 

Zinc and tin will readily allov, and, when combined 
in equal proportions, form a white hard alloy, which 
may be worked as readily as brass. 

Discrimination of Zinc. — 1. By heating a zinc com- 
pound in the blowpipe reducing flame on charcoal, the 
metal will be reduced, and burn, evolving fumes of 
oxide of zinc. If a zinc compound be moistened with 
a drop of nitrate of cobalt, ana heated in the oxidizing 
flame, the mass will assume a pale green color. 

2. Hydrosulphuric acid gives no precipitate if the 
solution be acid ; if neutral, a small portion of sulphide 
of zinc falls. 

8. Sulphide of ammonium throws down a white 
curdy sulphide, but slightly colored if the zinc com- 
pound contains traces of other oxides. 

4. Alkalies and their carbonates give white precipi- 
tates: with the former, these are of oxide, and soluble 
in excess of the precipitant; with the latter, they are 
carbonates, and the one produced by carbonate of am- 
monia is soluble; the other two not so. 

Zinc is always weighed as oxide, which is calculated 
as containing 80.39 per cent, metal. It must be preci- 
pitated by carbonate of potash, added in sufficient 
quantity to decompose any ammoniacal salts if any 
were present, as they would prevent the precipitation 
of the zinc carbonate. The whole is evaporated to 
dryness, then hot water added, boiled, filtered, and the 
zinc salt washed, ignited to drive off the carbonic acid, 
and weighed. 

If thrown down as sulphide, after allowing ample 
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time for subsidence, the precipitate is filtered, washed, 
and dissolved in hydrocblorio acid, from which it is 
precipitated by carbonate of potassa as before. 

Some analyses may here be given, illustrative of its 
separation when combined with metallic oxides. 

Brass is analyzed by dissolving a quantity of about 
60 grains in somewhat dilute nitric acid. The solution 
is evaporated to dryness, and the residue dissolved in 
a small quantity of dilute sulphuric acid. If the alloy 
contains lead, it will separate as an insoluble sulphate 
by this treatment, and may be filtered out and weighed. 
To the clear solution water is added, and then ammo- 
nia to neutralization, and, next, portions of solid 
hydrate of potassa until the liquid loses its blue color. 
The oxide of copper thus thrown down is washed with 
hot water, ignited, and weighed. Lastly, from the 
clear solution and washings the zinc is separated by 
sulphide of ammonium, and the sulphide of zinc re- 
sulting converted into oxide as above directed. 

For the analysis of bronze it is also to be dissolved 
in tolerably strong nitric acid : thus the tin is converted 
into insoluble peroxide, any large excess of acid is 
evaporated ofl^, aud the remaining solution, rendered 
dilute, is to be separated from the oxide of tin by 
filtration ; the latter is then estimated as described at 
page 879. The clear solution is next treated with 
hydrosulphuric acid, and the precipitated sulphide of 
copper examined, and its metal estimated as detailed 
at page 287. Lastly, the solution filtered from the 
sulphide of copper is to be evaporated to dryness, and 
the nitrate of zinc left heated to redness in a platinum 
capsule : thus it will be resolved into oxide of zinc, 
which may be weighed. 

If the bronze be composed of tin ancl copper alone, 
it is dissolved and the tin estimated as just described ; 
but the copper present is then ascertained by evapo- 
rating down the acid solution, and redissolving in 
water, and subsequently precipitating the copper as 
oxide by potassa. 
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Bat the zino is generally ander-estimated by the 
ftbove plan, as a small portion of it is apt to be carried 
down by the salpbide of copper; and, indeed, where 
zinc is in small relative proportion fas in our new 
bronze coinage, for example, where the compositioa 
is 96 copper to 4 of tin and 1 of zinc), it is better to 
estimate the latter by a dry operation : hence in the 
chief assay office, at the Mint, the plan adopted is to 
take a second quantity of the bronze, and, after mixing 
it with exactly twice its weight of pure tin, inclosing 
it in a small porous carbon pot, furnished with a cover. 
This is then luted up in an ordinary covered crucible, 
and strongly heated in an assay muffle for about 8 
hours : by this means the metal is so distributed by 
the tin, that the small proportion of zinc volatilizes; 
then, after removing the resulting buttons when cold, 
the loss they have suffered is assumed to be due to 
zino driven off 

German Silver. — This alloy is first dissolved in nitric 
acid, and evaporated so as to drive off some of the 
acid in excess; after this it is largely diluted, and 
hydrosulphuric acid passed in : the copper is thus pre- 
cipitated as sulphide, and estimated as at page 287. 
The liquid and washings separated from the sulphide 
of copper are next boiled, and evaporated for concen- 
tration, and, while still in the boiling state, carbojiate 
of soda added, which throws down the oxides ; these 
are washed, dried, and mixed with S parts of sulphur 
and the same quantity of carbonate of potassa, and 
the mixture fused to thorough incorporation in a por- 
celain crucible. After allowing it to cool, it is digested 
in water, and thus the sulphide of potassium formed 
is dissolved, leaving a mixture of sulphides of zino 
and nickel. This is extracted by hydrochloric acid, 
which will dissolve out the sulphide of zinc and leave 
the sulphide of nickel. The latter is to be oxidized 
by digestion in nitric acid, the mixture diluted, filtered, 
and the nickel precipitated as oxide by means of 
potassa (see page 870). Lastly, the zinc is separated. 
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and estimated as oxide by meaos of carbonate of 
potash, as already described. 

Cadmium. 

This metal is quite of recent discovery, dating as 
short a time since as the year 1818, and made known 
about the same . time by two chemists separately, viz., 
Stromeyer and Hermann. It is an associate of zinc, 
although differing from it in many properties, and, as 
it is obtained chiefly from the calamine and blende ores 
of zinc, was no doubt always worked iuto the zinc in 
early times. There is, however, a native sulphide of 
cadmium, known as Greenockite. 

Stromeyer's method of obtaining the metal was a 
wet one. He first dissolved the zinc ore in dilute sul- 
phuric acid, supersaturating it by the solvent: the 
liquid was then precipitated by hydrosulphuric acid, 
and the sulphide obtained washed and dissolved in 
hydrochloric acid, the excess of the latter being after- 
wards expelled by evaporation. Carbonate of ammonia 
was next added, and the cadmium thrown down as a 
carbi)nate. The carbonic acid was driven off from 
this by heating it to redness; then, on mixing the 
oxide obtained with well-burned lampblack, and 
distilling the mixture from an earthen retort, the cad- 
Tiiiuni readily distilled over. This is an excellent pro- 
cess. 

A dry method of obtaining it is now used at the 
Silesian works. Flowers of zinc are gently ignited with 
charcoal-powder in earthen tubes, to which receivers 
are attached, and in these a metallic powder is deposited, 
consisting of about equal parts of zinc and caamium : 
this is distilled twice over ; and as the cadmium vapor 
is more volatile than that of zinc, they are thus sepa* 
rable, and finally, the metal so obtained is fused with 
grease in a crucible; but Gmelin says that it is very 
difficult to obtain the metal free from zinc by these 
means. 
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Properties. — The color of cadmiQin is white, some- 
what between tin and zinc in shade; it is very sofl, 
and thus easily cut by a knife, and also very flexible, 
crackling somewhat as tin does in bending; it crys- 
tallizes readily in octohedra; it may be drawn into fine 
wire, and also beaten very thin. Its sarface will re- 
ceive a good polish, which is not oxidized very quickly 
by exposure to air. It fuses at 442^, and at a stronger 
heat volatilizes and distils. If a crucible be made red- 
hot, and the granulated metal thrown into it, it l>urn3 
like zinc, but with a brown flame, the color being de- 
pendent upon the formation of brown fumes of oxide. 
Cadmium is readily soluble in sulphuric or in hydro- 
chloric acids, with evolution of hydrogen, and it is 
also quickly dissolved by nitric acid. Its specific gra- 
vity is 8.635. Symbol, Cd. Equivalent, 66. 

Oxide of cadmium may be obtained as already 
described, or it may be precipitated from the solution 
of a cadmic salt by potassa. If thrown down by 
ammonia, the precipitate is redissolved, and ammonia 
will dissolve even the anhydrous oxide. This hydrate 
is a white powder, which will absorb carbonic acid 
from the air. At a red heat it loses its water, and 
becomes of a yellowish brown color. It may be deoxi- 
dized by charcoal at a low red heat. Its composition 
is CdO. Equivalent, 64. There is a chloride corre- 
sponding in composition. 

Sulphide of Cadmium. — This compound is precipitated 
in yellow flakes when a salt of the metal has hydro- 
sulphuric acid or sulphide of ammonium added to it. 
When thoroughly washed and dried, it forms a valuable 
color to the artist, as it is safely combined with other 
pigments. It is of a fine yellow, inclining to orange. 
Sulphide of cadmium is formed with much difiiculty 
by fusing the equivalents of metal and sulphur together, 
but easier by employing the oxide in place of the metal. 
Composition, CdS. Equivalent, 72. 

Alloys. — With mercury cadmium forma a somewhat 
brittle amalgam which is crystallogranular in texture ; 
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seifenty eight of cadmium may be eonjbined with 
twenty-two per cent, of mercury at ordinary tempera- 
tures. This amalgam has been employed for plugging 
operations, as it is soft and malleable; but it is found 
to oxidize under the influence of the mercury and saliva, 
and it will then much discolor, becoming of an orange- 
yellow. 

The alloys formed with other metals are generally 
brittle, and in the case of copper a very small propor- 
tion of cadmium will render it completely so. 

TesU/or Cadmium. — Hydrosulphuric throws down a 
yellow sulphide from acid solutions; this distinguisflK 
between this metal and zinc. 

2. Sulphide of ammonium precipitates a similar sul- 
phide, insoluble in excess, as also in ammonia; and 
these latter qualities will distinguish this compound 
from the yellow sulphide thrown down from arsenical 
solutions. 

8. The alkalies potash, sodr, and ammonia, throw 
down the oxide of cadmium as a white hydrate, solu- 
ble in the latter, but insoluble in the two former re- 
agents. 

4. Carbonate of ammonia produces a white precipi- 
tate, insoluble in excess; in this, again, it differs from 
zinc, as the white precipitate so produced in a zinc salt 
is perfectly soluble in excess of the precipitant. 
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CHAPTER XXIII. 

METALS OF THS SECOND CLASS.— ORDER III. 

^DUT of eleven metals forming this order, but two 
only may be said to be largely distributed ; and of tbe 
remainder, even tbeir soarces are, in many cases, com- 
paratively rare. The two first mentioned are, alami- 
nium and magnesium. The oxide of the latter is ex- 
tensively diffused over the whole globe, entering into 
the composition of magnesian limestone, which is a 
carbonate of lime combined with carbonate of magnesia 
as a double salt. Again, this metal exists largely as a 
chloride in sea-water. 

Of aluminium, the sesquioxide (which is the only 
oxide) is, perhaps, of all others, the most universally 
distributed body upon the earth's surface. It is the 
base of all clays, and the bulk of the various soils is 
made up of varying proportions of it, with other earthy^ 
saline, and organic matters. 

Where the isolation of metals of this order has been 
effected, it has been by the agency of some other metal, 
which has a yet more powerful affinity for the oxygen 
or other metalloid combined with the former: as, for 
example, by employing potassium or sodium, whose 
vapor, passed over some heated binary compound of 
the metal sought, thus decomposes the latter and sets 
the metal free. Some few, again, have been obtained 
by means of the powerful decomposing effects of the 
voltaic current 
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Aluminium. 



This metal is the only one of its order which, up to 
the present time, has received any usefal application, 
and this but for the manufacture of alloys and of orna- 
mental articles ; and in the laboratory it has also been 
nsed for forming small weights, on account of its low 
specific gravity giving them considerable size, and thus 
rendering them easy to handle. Its preparation was 
first carried out by Wohler, about the year 1827, who 
obtained it by the action of potassium upon chloride 
of aluminium. He placed a small quantity of the 
former at the bottom of a platinum crucible, and 
covered it with the chloride; then, after fixing down a 
cover with some wire, the vessel was heated up slowly 
at first; but afterwards strongly; and after the violent 
action which occurs is over, the crucible, with its con- 
tents, being placed in a vessel of perfectly cold water, 
the soluble residues dissolved out, and left the alumi- 
nium as a gray metallic powder. 

Of late years this method has been so modified and 
perfected by Deville, that the preparation of the metal 
is carried on upon a very large scale. He employs the 
analogous metal sodium, and in working upon a small 
quantity (up to about half a pound of chloride) operates 
as follows: Placing the chloride of aluminium in a 
large tube of refractory potash glass, he arranges the 
tube so as to admit of heating it strongly, and at the 
same time passing a current of dry pure hydrogen gas 
through it. The tube then being first gently heated 
and a steady current of gas kept up over its contents, 
a quantity of sodium perfectly dried from naphtha, and 
amounting to about 200 grains, is put in, contact with 
the chloride being prevented by the sodium being con- 
tained in small porcelain boats or trays, these being 
placed in the upper end of the tube, which is slightly 
inclined. Next the sodium is heated so as to fuse it; 
after which the lower part of the tube is heated so as 
to sublime the chloride of aluminium, the vapor of 
• 54 
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which, on contact with the fused sodinm, is decomposed, 
and its metal deposited in the trays, but mixed with 
undecomposed chloride, and also with the chloride of 
sodium formed. At the close of the operation the tube 
is cooled, the trays removed, and their contents again 
fused in an atmosphere of hydrogen, and afterwards 
in a crucible, when the metal is found to subside below 
the mixed chlorides, and may be removed in a button. 

It is also reduced from cryolite, a compound of ses- 
quifluoride of aluminium with 8 equivalents of fluoride 
of sodium. It is now manufactured by Messrs. Bell, 
at Newcastle, and its alloys largely applied by them. 

Properties. — It is a white metal, of a color between 
that of silver and zinc, thus inclining to blue ; this tint 
is deepened by hammer hardening, which treatment 
also increases its elasticity, bringing it to about the 
condition of soft iron in this particular. It is very 
malleable, and can be rolled or beaten very thin ; it is 
also very ductile, and capable of being drawn into fine 
wire ; but for this purpose it must be heated up from 
time to time during drawing, so as thoroughly to an- 
neal it; and care must be used, as the wire becomes 
fine, not to fuse it. Its ffreat peculiarities are its low 
specific gravity, which does not exceed 2.67, and is, 
under favorable conditions, as low as 2.56 ; and also its 
extreme sonorousness, for a small bar of the metal, 
when struck by a hard substance, will give the clear 
ring of glass. Its melting point has not yet been ac- 
curately determined, but, from the appearance of the 
heat required, it cannot be less than 1000^ ; it easily 
crystallizes upon cooling. For its fusion, the manu- 
facturers just mentioned employ ordinary crucibles, 
and no flux; also a less intense fire than would be 
employed foe silver; but the heating is carried on 
longer, and the contents of the open crucible stirred 
from time to time with an iron spatula; and it is cast 
in metallic moulds, or else moulds of porous sand. 

The difliculty of soldering has hitherto impeded the 
application of this metal, but Messrs. Bell state that it 
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may be soldered, if the work is prepared as in ordinary 
cases, by first "tinning;^' bnt this 6peration must be 
effected by means of the solder itself. Then the tinned 
pieces are joined together, and exposed to the flame of 
« gas blowpipe; and for this purpose the apparatus 
described at page 92 would be useful. Small alumi- 
nium tools are used by them, as they state that other 
ones alloy with the metal and color it to some extent ; 
and flux, also, is injurious, as it attacks the metal and 
prevents adhesion. As the solder melts suddenly in a 
complete manner, the friction of the tool must be ap- 
plied just at the precise moment ; hence the use of the 
table-bellows blowpipe in setting the hands free. A 
good general solder is composed of copper 4 parts, 
aluminium 6, and zinc 90 parts; and in making this, 
the copper is first melted, then the aluminium added, 
with a little tallow, and the mixture stirred well with 
a piece of iron ; then at the end the zinc is added care- 
fully, so as to avoid its oxidation as far as possible. 
They give four other formulas for solders, but advise 
the use of the above form for general purposes. Lastly, 
as to its manufacture, it may be turned in the lathe, by 
first varnishing the surface to which the tool is to be 
applied with a varnish of stearic acid in turpentine ; 
this prevents its tearing up. 

The surface of this metal takes a fine polish, and is 
not acted upon by the air. Hydrochloric acid readily 
dissolves it; nitric or sulphuric acids but gradually, 
when the metal is heated in either of them, but by 
potassa it is easily oxidized. Its symbol is Al. Equi- 
valent, 18.7. 

Alumina is the only oxide of this metal; it may be 
procured by recrystallizing ordinary alum until puri- 
fied. A hot solution of the crystals is then made, and 
carbonate of potash added ; the precipitate formed is 
digested for a time, to decompose the basic sulphate of 
alumina at first precipitated. It is next well washed, 
to get rid of the carbonate of potash ; after which hy- 
druchloric acid is employed, sufficient to dissolve ik 
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This solation is filtered, if necessary, and the alamina 
precipitated by aiAmonia, washed, and ignited. 

Alumina is a perfectly white insolable powder, very 
hygroscopic. Moist alamina is soluble in canstic 
potassa, or soda, and very slightly so in ammonia. 
With acids it combines, forming salts. Corundum, the 
ruby, and sapphire, are all nearly pure alumina ; the 
two latter are colored by oxide of chromium. Indeed, 
the ruby has been artificially formed by Gaudin, by 
mixing pure hydrate of alumina with bichromate of 
potassa, drying, and then heating in the oxyhydrogen 
blowpipe flame; and Deville has formed the sapphire 
by somewhat similar means. Pure alumina is a ses- 
quioxide. Composition, Al^O,. Equivalent, 61.4. 

The basis of all manufactures in pottery, earthen- 
ware, fire- materials, and the like, is a silicate of alu- 
mina; and the purity of the clay controls the nature 
of the manufacture; thus pure porcelain day is a 
sesquisilicate of alumina, combined with water, and its 
general composition may be taken at 2A1,03,8SiO 
-f 4H0; but it is always more or less associated with 
foreign matters, the nature of which is commonly in- 
dicated by color; thus blue clay contains organic mat- 
ters which burn out and leave the clay white, like 
china; in it 47 parts of silica are combined with 88 
alumina. 

The red, or potter's clay, used for brown ware, con- 
tains iron and lime ; in this 60 parts of silica unite with 
80 of alumina, 7 of iron, and 2 of lime. Where much 
lime is contained, it constitutes marl. 

But the most important of these is the one known 
as kaolin, or porcelain clay, whose average composition 
is 40 parts of alumina with 45 of silica, and associated 
with the bases potash, soda, lime, and magnesia; from 
this the finer kinds of porcelain are made. 

These clays are all miscible with water, and, although 
insoluble, may be so thoroughly mixed up with it as 
to form a very plastic mass, or even a thin cream when 
the water is in large proportion ; the mass not only 
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contracts on drying, bat also greatly upon heating; 
and in the latter case not uniformly: hence, in forming 
porcelain, some material is added, which, while it 
diminishes this contraction, at the same time robs the 
material of its extreme cohesiveness; then, to make 
up for the latter defect, a flax is employed, which fus- 
ing perfectly at the heat employed in the first firing, 
permeates completely the pores of the clay, and forms 
a translucent body, soand and sonorous when struck. 
Such material is called biscuit ware, and on this any 
coloring oxides are put, a final glaze being fused over 
the whole, whereby its porous nature is entirely over- 
come. 

The ordinary routine of porcelain manufacture is as 
follows : The porcelain clay is first ground finely and 
diffused in water, so as to form a cream, and in this 
any unground portions are allowed to subside for 
separation. The ground flint or other material to be 
added is similarly treated, and the two are mixed in 
requisite proportion. After which the whole is allowed 
to dry until of a proper solidity for working, during 
which time decomposition of contained orranic matter 
is set up, and for completing this, a period of a month 
or two IS often necessary. The moulding of the ware 
is next done in this material, and, after drying at a 
moderate heat, viz., at a temperature of about 100^, it 
is baked in the kiln, and constitutes in this state 
"biscuit ware." Upon this any color or design is next 
put, the former being effected by metallic oxides, which 
are ground up in some vehicle, as oil of turpentine, for 
example, and thus laid on the work, or they are at 
times mixed up with a flux composed of quartz, borax, 
and oxide of lead ; and after grinding up with this and 
some linseed oil, painted on with the brush. The 
work is then fired again to fix the color, and drive off 
any excess of the color vehicle. 

Lastly, the ware is thoroughly glazed, with a mix- 
ture of quartz and felspar diffused in water; when 
this is brushed over, the fluid parts, being absorbed 

34* 
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by the ware, leave the solid material upon the surface 
in a condition to form a thoroughly transparent, and 
yet impervious scale, and to a certain extent incorpo- 
rated with the ware itself. In order to efiect this it is 
again heated in the porcelain furnace or kiln, but pro- 
tected by being inclosed in cases of earthenware called 
seggars. 

Discrimination of Alumina. — 1. Hydrosulphuric does 
sot precipitate salts of alumina. 

2. Sulphide of ammonium produces a white preci- 
pitate of hydrate of alumina, and at the same time 
hydrosulphuric acid is evolved. 

8. Ammonia or its carbonate throws down a bulky 
hydrate. This is white and gelatinous, and only 
slightly soluble in the precipitant. 

4. Potash or its carbonate produces a similar preci- 

Eitate ; this is perfectly soluble in the caustic alkali| 
ut not in the carbonate. 

Before the blowpipe an alumina compound, when 
moistened with a drop of nitrate of cobalt, gives a fine 
sky-blue bead. Silica gives the same reaction, but 
the color is paler, and thus distinguishes it from that 
of alumina. 
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CHAPTER XXIV. 

HBTALS OF THS SECOND CLASS.— ORDER IV. 

Of the six metals beloDging to this last division, 
those which have been applied as such have been used 
as reducing. agents; these are potassium and sodium, 
both of which are obtained by ordinary means of re- 
duction, but the remaining four have only been isolated 
by voltaic agencies, somewhat varied in each case. 
One of the latter four, viz., lithium, is lighter than any 
other known solid, its specific gravity being only .698, 
or little more than half that of water. This metal is 
white, but the other three, viz., calcium, barium, and 
strontium, are all of a pale yellow, and all four are 
speedily oxidized on exposure to air, even if it contain 
no moisture. 

But the applications of the compounds of the three 
chief metals of this division, viz., potassium, sodium, and 
calcium, are extremely numerous and important; for 
the alkalies potassa and soda with their salts, and the 
alkaline-earth lime, come into this list; and their 
sources are equally extensive with their uses. Thus, 
potash is a large constituent of felspar; and hence in 
some countries is found diffused as a nitrate in the soil, 
this salt being a result of the decomposition of the 
felspar, by combination of its potassa with nitric acid, 
also spontaneously formed from organic decomposition. 
Again, potassa is supplied in abundance from the ashes 
of plants, which by lixiviation afford a mixture of car- 
bonate and sulphate of potash,, known commercially as 
potashes, and as pearlash. Then the supplies of 
sodium compounds, from the chloride or common salt. 
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are inexhaustible ; and, lastly, the base lime is of 
universal occarrence, combinecl as a carbonate, as chalk, 
oras sulphate in gjpsuin. 

As the methods of producing potassium and sodium 
are identical except in the compound operated upon, 
they may be described under one process. The salts 
employed in each case are the carbonates. In ope- 
rating for making potassium this carbonate is obtained 
by a preliminary step, viz., by decomposing bitartrate 
of potassa, by calcination, whereby its tartaric acid is 
decomposed, and the residue in the calcining pot is an 
intimate mixture of carbonate of potassa and charcoal; 
this is at once broken up into pieces of about the size 
of a nut, and put into the distilling apparatus for re- 
duction. 

For the distillation of sodium, an artificial mixture 
is made, nearly resembling the potash one in character. 
Thus, to 60 parts of dry carbonate of soda, 14J of 
charcoal are added, and 9 of chalk. These being 
formed into a paste with oil, are calcined as in the 
potash operation, when, after cooling rapidly, the mass 
is ready for distillation. 

A good wind-furnace is required for the reduction 
of these metals. In it is fixed an iron mercury bottle 
as a retort ; and as these bottles, although serving the 
purpose admirably, are found to burn out rapidly, a 
protection of lute is applied, or this may be aflbrded, 
by sprinkling some glass of borax over the exterior, 
which, fusing upon it, protects it from oxidation. This 
retort is supported upon a brick placed endways under 
each end ; thus it will stand at about 9 inches above 
the furnace bars, and there should be the means of 
withdrawing the bars on each side of these bricks by 
openings in the front (as in the muffle furnaoe page 
174). The neck of the bottle being arranged just at 
the inner side of the furnace opening, a short wide 
tube is screwed into it, of sufficient length to reach 
well outside the furnace ; this forms an adapter of the 
retort to a receiver. This latter is formed as a fiat 
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copper or iron case or box, which can be opened at 
the top ; at one end it terminates in a tubular opening, 
which fits closely to the retort tube, and at the oppo- 
site end an opening is left whereby an iron rod can be 
passed straight through the apparatus into the retort 
itself. 

For operating, the material is»first introduced into 
the retort, and the latter then arranged in the furnace, 
but without the receiver attached. The heat is then 
got up, and carried nearly to whiteness, after which 
the evolution of the metallic vapor, together with much 
carbonic oxide, takes place, and will inflame sponta- 
neously ; the receiver is now connected, and surrounded 
by cold-water cloths, or even ice at times, when steady 
condensation of the metal will be effected ; throughout 
the whole operation, however, a steady stream of car- 
bonic oxide will pass out at the open end of the re- 
ceiver. If this ceases during distillation, it is an indi- 
cation of stoppage of the tube, which must be imme- 
diately cleared by passing down an iron rod or wire ; 
and if this be ineffectual in opening a passage, the 
firebars must be very speedily withdrawn, so as to let 
out the fuel and stop distillation, or explosion will take 
place. 

Distillation being over, the receiver is opened under 
some mineral naphtha, and its contents removed and 
carefully kept in that fluid, which from containing no 
oxygen will preserve it. If the operation has been for 
potassium, the yield of rough metal should be about 
one-fourth the weight of the charge ; but as it is always 
contaminated with carbonaceous matter, and at times 
with certain explosive compounds, it is always redis- 
tilled, and even twice over if found necessary ; by this 
about one-third of the first product is lost 

In the distillation of sodium, metal equal to one- 
third the weight of material is usually afibrded, and 
Deville, who uses sodium largely in the isolation of 
aluminium and analogous metals, so completely man- 
ages its distillation as to bring the sodium over in 
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continuous drops, just as water is distilled, and so 
steadily oan he maintain this, as even to be able to 
remove the receiver for a time, and allow the metal to 
drop into a vessel of naphtha placed below, in order 
to exhibit the rapidity and nature of the operation. 

Potassium is seen to be a bluish-white metal, when 
•a fresh-cut surface ia»examined. This tarnishes even 
in naphtha, and very quickly on contact with air, being 
converted by it into potassa. It has so powerful an 
affinity for oxygen, that when thrown into water it 
decomposes it, and with such energy as to inflame the 
hydrogen set free by means of the heat evolved during 
oxidation. The hydrogen flame is colored violet in 
this case from admixture with vaporized potassium. 
Its specific gravity is only 0.86, hence it floats upon 
the water during its decomposition. At ordinary tern* 
peratures it cuts like wax, and is of about the same 
consistency. It fuses at 130°, and sublimes below a 
red heat. Its equivalent is 89 ; symbol, K. 

Sodium resembles potassium in color and general 
appearance, but its oxidized surface is whitish (potas- 
sium appearing blue when surface-oxidized). Sodium 
alao decomposes water, but if this fluid be cold, it ia 
without inflammation accompanying it. Either of 
these metals will rob an oxidized body of its oxygen, 
by simple contact with it, themselves being oxidized ; 
hence they are much employed as reducing agents, and 
particularly sodium, for its equivalent number being 
lower, a less quantity may be employed than of potas- 
sium, then again its preparation presents rather less 
difficulty. The equivalent of sodium is 28, and its 
symbol Na. 

A large use of potassa and soda is for the formation 
of the different kinds of glass. Analogous to the sili- 
cate of alumina, already described as constituting por- 
celain, are the silicates of soda and potassa; these are 
called glass. Indeed this body may be described as an 
amorphous transparent salt, wherein silica unites as 
the acid, with potassa, soda, lime, and oxide of lead as 
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bases. It is generally more or less colorless ; bat if it 
contain traces of other metallic oxides, it will receive 
the peculiar color due to the latter. It is, as just 
stated, amorphous; but if insufficiently heated, and 
cooled down slowly, it may be crystallized, although 
this change of molecular condition seems to be due, to 
some extent, to separation of the silicates of different 
bases which enter into its formation. 

The silicates of potassa and soda constitute the more 
refractory kinds of glass. Such is the composition of 
the Bohemian potash glass whose infusibility renders 
it invaluable for chemical vessels required to sustain 
strong heat without change of shape, or fusion. This 
glass is also exceedingly hard upon its surface, as shown 
by the application of a file, but it is wanting in bril- 
liancy, and besides possessing a greenish tint, is often 
full of small granular particles. 

Ordinary window-glass, known as "crown-glass,'' is 
a mixture of silicates of soda and lime, or occasionally 
of potash, soda, and lime; this is much more fusible 
than genuine potash glass, but much lime has a tend* 
ency to diminish its fusibility and increase its hardness. 
Plate-glass is of the same chemical composition, and 
differs only in the fact of very pure material being 
used for its fabrication ; and it is cast upon a flat table, 
the surface being subsequently polished off; thus this 
surface is softer and more liable to scratch than a na- 
tural one. 

Flint-glass is a mixture of the silicates of potash and 
lead. t£b latter addition renders the glass very fusible ; 
and as its density is at the same time much increased, 
by a natural law, its refractive power is correspond- 
ingly enhanced, hence the peculiar brilliancy of Eng- 
lish flint glass. The lead also renders the metal (as it is 
called) very soft and workable, thus admitting of elabo- 
rate cutting. The finest kinds of red oxide of lead are 
employed in the fabrication of this glass. 

As the silicate of lead is in large proportion in the 
mixture, and its density is very great, the component 
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silicates o( flint glass have always a tendency to sepa- 
rate; hence the great difBcolly in regard to optical 
glass, as flint is always employed as one element in 
cx>mbinations for producing achromatic properties. 
This difficulty has led to a plan of fusing the material, 
and well mixing by stirring; then, after allowing the 
pot of glass to cool, catting vp the contained mass ia 
slices, which layers, although more uniform in them* 
selves, increase in density as they are taken lower from 
the mass. 

The common kinds of glass, known as green or 
bottle glass, are made of much coarser material, and 
hence are mixtures of silicates of potash, soda, alumina, 
and lime, with such metallic oxides as may have been 
present with the bases. Thus the green color of ordi- 
nary bottle-glass is due to protoxide of iron. 

For the formation of glass a certain quantity of the 
raw materials is always mixed with a good proportion 
of broken glass called cullet. Thus, for ordinary 
crown-glass, a mixture of fine sand, soda-ash, or rough 
carbonate of soda and chalk are intimately mixed with 
nearly their own weight of cullet. This mixture is 
then exposed to a dull red heat, whereby moisture and 
carbonic acid are driven off, and partial fusion of parts 
of the material commenced. 

The mixture is next transferred to the glass pots or 
crucibles, and heated to bright redness, and ultimately 
fused. The whole is then kept in fusion for a con- 
siderable time until all air-bubbles escape, and the im- 
purities rise to the surface; those which arise being 
chiefly insoluble saline matters, which constitute *'saud- 
iver,'' and, when skimmed off) leave the metal in a fit 
state for working. 

Reactions of the fourth order of metals. — These may 
be considerea under one general head, as they npssesa 
some features in common, although each may readily 
be discriminated by certain special characters. 

1. They are none of them precipitated by hydro- 
sulphuric acid, or by sulphide of ammonium. 
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2. Biyiding them into metals of alkalies and of alka- 
line earths, the latter only are thrown down by solution 
of carbonate of potassa; for, althoagh one of the former, 
viz., lithiam, is so precipitated, the carbonate formed 
is easily dissolved again. 

Next, taking the reactions of the alkaline earthy 
metals, viz., calcium, barium, and strontium, into con- 
sideration, salts of the first, or lime-salts, are distin- 
guished by giving white crystalline precipitates in 
very dilute alkaline solutions, when oxalate of ammo- 
nia is added. But such dilute solutions are not affected 
by sulphuric acid ; i^ however, they are concentrated, 
an immediate precipitate of sulphate of lime takes 
place. 

Salts of baryta afford the same kind of precipitate 
with oxalate of ammonia, but not in dilute solutions. 
Then sulphuric acid, or a solution of sulphate of lime, 
throws down a sulphate of baryta from solutions con- 
taining the smallest traces of baryta. 

Salts of strontia are precipitated by oxalate of am- 
monia, but again, only when the solution is strong ; 
they will also be precipitated by solution of sulphate 
of lime: thus strontia is distinguished from lime. 
And again, this reaction with sulphuric acid or sul- 
phate of lime only occurs after the test has been added 
some little time, and thus its action differs from that 
occurring with baryta. 

Lastly, if a portion of soluble salts of each of these 
three be dissolved in small quantities of alcohol, and 
the latter are inflamed, the quantity containing the 
lime will bum with a reddish crimson, the baryta with 
a yellow, and the strontia with a carmine-red flame. 

Passing now to the three remaining alkaline metals, 
viz., potassium, sodium, and lithium ; if it be a salt of 
potassa we are examining, the addition of a little tar- 
taric acid in solution in alcohol will throw down a 
sparingly soluble crystalline salt, bi tartrate of potassa. 

If we add to a potash solution bichloride of plati- 
num, we have a beautiful yellow precipitate, also crys- 
S5 
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talline. This is also thrown down in ammonia cora- 
poands: but if any doubt exists as to which has caused 
it, a small portion of the precipitate may be separated 
and heated to redness. If it be due to ammonia, 
all will volatilize but the platinum, which is left in a 
spongy state ; if, however, it results from the presence 
of potash, a mass of chloride of potassium will remain 
with the reduced platinum. 

Salts of soda give no precipitate with the bichloride, 
although a double salt is formed ; but this is very solu- 
ble, and can only be crystallized out (in delicate 
needles) by evaporating the solution. The character- 
istic test for soda salts is antimoniate of potassa, which, 
when added to a concentrated solution, will give a 
crystalline precipitate of antimoniate of soda. 

If a solution contain lithia, this will give a precipi- 
tate with carbonate of potassa, but slightly diluting 
iand heating the solution will redissolve it. 

By dissolving salts of the three last in portions of 
alcohol, and inflaming them, potassa will give a violet, 
soda an intense yellow, and lithia a reddish-purple flame. 



EBOAPITULATION OP GENEBAJL REACTIONS 
OP THE METAXS. 

It has been stated (p. 65) that by three reagents the 
whole of the metallic bases may l>e classified ; and we 
may now so divide them into four classes, dependent 
upon their behavior with carbonate of potassa, hydro- 
sulphuric acid, and sulphide of ammonium. 

1. The first class comprises three metals not pre- 
cipitated by carbonate of potassa, and with these may 
be associated also the alkaline base ammonia. The 
metallic bases are, potassa, soda, and lithia — the latter, 
however, being imperfectly precipitated by the above 
reagent. 

2. The second class is that of the metals of the alka- 
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line earths, and consists of four : these bases are thrown 
down as carbonates, upon the addition of carbonate of 
potassa, while they are not acted upon by hydrosul- 
phuric acid or sulphide of ammonium. They are lime, 
baryta, strontia, and magnesia. 

S. A class of metallic oxides, precipitable by sul- 
phide of ammonium (as sulphides) from their alkaline 
or neutral solutions: these are 17, viz., the oxides of 
cerium, lanthanum, yttrium, glucinium, aluminium, 
thoriuium, zirconium; also iron, manganese, nickel, 
cobalt, zinc, chromium, uranium, titanium, tantalum, 
and vanadium. 

4. A class precipitated by hydrosulphuric acid from 
their acid solutions, consisting of 18, viz., mercury, 
silver, gold, platinum, palladium, iridium, rhodium, 
osmium, lead, copper, bismuth, tellurium, antimony, 
cadmium, molybdenum, tin, arsenic, and tungsten. 
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CHAPTER XXV. 

THE PRINCIPLES OF ELBCTRO-HBTALLUROY. 

There are certain forces, known as electro-cbemical, 
which, in conclusion, it will be desirable to examine. 
By these, metallic solutions are decomposable, and the 
metal separated ; while, also, in the majority of cases, 
we are thus able to mould and shape the deposited 
metal more minutely than by the mechanical means of 
fusion and casting (this is well shown in the electro- 
typing of a daguerreotype plate) ; or, on the other band, 
metals may under the action of the same power, be 
dissolved, and those even which resist most strongly 
our ordinary methods of solution; showing that affini- 
ties so powerful as to remain untouched by general 
methods of decomposition are surely and quietly over- 
come by this force. Nor is its action confined to the 
production of these more striking efifects, but is equally 
manifested in all cases where metals of different 
degrees of oxidizability are in contact under favoring 
conditions. 

If a strip of an easily oxidized metal — as zinc, for 
example — be taken and placed in a vessel containing 
some dilute sulphuric acid, chemical action is at once 
manifested, and a portion of the aqueo-acid being 
decomposed, gives oxygen to the zinc, forming oxide 
of zinc; which latter is immediately dissolved in the 
sulphuric acid, forming thereby sulphate of zinc, the 
action being attended throughout by evolution of the 
hydrogen of the decomposed water. 

Next, if a similar strip of platinum, or any metal 
difficult of oxidation, be immersed in the vessel, and 
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out of oontact with the zinc, no action whatever will 
be manifefited upon the platinum, for Bulphuric acid is 
inactive in this case ; but if the ends of the two pieces 
be brought to touch each other out of the liquid^ a new 
condition of things is manifested in the solution, viz., 
all action upon the zinc appears suspended, and the 
platinum plate is covered with bubbles of hydrogen gas. 
But, again, by examining the two after immersion and 
contact, it would be found that the platinum was 
untouched, and the zinc dissolved as before, notwith- 
standing appearances to the contrary, the hydrogen 
being in some way transferred to the platinum from 
the zinc, and evolved at the surface of the former. 

If, in place of direct contact being made between 
(he metals, it is effected through the medium of a 
metallic wire, the result is the same; and if this wire 
be brought over, and parallel to a poised magnetic 
needle, directly the connection between the plates is 
made, the needle will be deflected from its natural 
position as regards the north — an indication that a 
current of electricity is traversing the wire, and which 
current experiment has shown to be generated in the 
liquid at the zinc surface, and, passing- thence through 
the fluid to the platinum, returns by the connecting 
wire to the zinc; and further, the deflection of the 
needle to the rieht or to the' left indicates most cer- 
tainly which end of the wire is connected with the 
zinc, and which with the platinum plate.* 

Thus it appears that the chemical action commenced 
at the zinc is accompanied by a current of electricity, 

* The law of these indio&tions may be thns stated: If the expe- 
rimenter be looking towards the north — ^that is, along the line of 
the needle in its natnral position — and the voltaic arrangement 
be placed so that the platinum plate is near him at the sonth, and 
the sine at the north end, then, on placing the wire above the 
needle, the deviation of its north pole will beto his left hand, or 
west; if the wire were below the needle, the' north pole wonld be 
deflected to his right hand, or east ; or, lastly, if the relative posi- 
tion of the zinc and platinum were ohanged, then the deviation of 
the needle is exactly reversed also. 

85* 
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whereby, in the particles of water situated between the 
two plates (and rendered a condactor of the current by 
the addition of the acid), the motaal affinities of their 
ultimate elements are suspended while they are excited 
in equal amount between the opposite elements of the 
adjacent particles ; and thus, by the transference occur- 
ring along the chain, a free atom of hydrogen ultimately 
appears at the platinum plate, for the one of oxygen 
passing to and appropriated at the zinc plate, and the 
particles between these points are said to be in a polar- 
ized state. 

The action taking place may probably be rendered 
evident by the following diagrams, where the letters Z 
and P represent the metallic plates, and the symbols 
the elements of the particles intervening between 
them : — 

Stete of partiolea In the ) f SOsSOjSOjSOjSOjSO, 1 
llqaid before the oir- SZ^HHHHHHVP 
ouit iB complete . .) (OOOOOO) 

State of partfclefl after) 80,(80^0,80380,803) 
completion of the oir-VZ ^ U U U U H V HP 
cuit 5 OloOOOOj 

During action all chemical changes take place in 
equivalent proportions : thus, for every 32.7 grains of 
zinc dissolved, 9 of water are decomposed, and 8 grains 
of oxygen combine with the zinc, while 1 grain of 
hydrogen appears at the platinum plate, and, lastly, 40 
grains of sulphuric acid dissolve the 40.7 of zinc oxide; 
and hence the amount of zinc dissolved, or of hydrogen 
collected at the platinum plate, may be made the mea- 
sure of the power of the circuit, or, on the other hand, 
the extent of the deflection in a magnetic needle will 
give the same information. Indeed the latter is made, 
in the galvanometer, just such a measure; and in that 
instrument the most delicate currents are made to affect 
the needle, by insulating the conducting wire, and then 
coiling it many times round the magnet by which the 
latter will be influenced just in proportion to the mul- 
tiplication of the turns. 



THE FRIXCIPLES OF ELECTBO- METALLURGY. 416 

An arrangement of a single plate of each metal, as 
hitherto considered, forms a simple galvanic circait; 
and the greater the difference in the affinity the two 
metals exhibit for oxygen, the more energetic will be 
the produced current, showing that its amount is in 
proportion to the chemical action going on. The 
second plate acts in removing hydrogen from the oxi- 
dizable one, which, by its adhesion, would retard ac- 
tion, tending, indeed, to establish a counter current^ by 
virtue of the affinity of the separated elements for 
reunion. But a voltaic circuit may be formed by em- 
ploying a single metal, provided it be so arranged as 
that two fluids can be used, one to act upon each end 
of the plate, but differing in their affinity for the metal 
— one being capable of readily combining with it, 
while the other is comparatively inactive upon it 

The function of the second plate in the circuit is 
well shown when, in place of employing a plate of 
zinc in its natural state, we amalgamate its surface 
with a quantity of mercury : such a plate, when im- 
mersed in dilute acid, would at once become covered 
with bubbles of hydrogen, showing the action to have 
commenced ; but these, bv close adhesion to the metal, 
which is much increased by its amalgamation, quite 
protect it from the further action of the aqueo-acid. 
When, however, we complete the circuit by joining 
the two plates, the gas-bubbles are, as before, trans- 
ferred to the platinum plate, and chemical action is 
kept up u|X)n the zinc while the gas is so removed, 
but ceases again when contact is broken. 

Where unamalgamated zinc is employed, it is true 
that the evolution of hydrogen will take place from 
the zinc surface, even after the circuit is broken; but 
this results from what is called local action upon the 
zinc, depending upon ordinary zinc containing minute 
portions of other metals, in points, about the surface 
of a plate: these will generate small "local" currents, 
which are, however, absent when pure zinc is employed. 
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as much as they are ia the case of zinc amalgamated 
with mercury. 

In a simple voltaic circuit the zinc or easily oxidiz* 
able metal would be called the positive or generating, 
and the second or platinum the negative or conducting 
plate. If these were of the same metal, and hence 
possessing the same affinity for the elements of the 
exci ti ng fl uid, no current could circulate, fot the tendency 
to start it from one of the plates would be opposed by 
force just similar in amount from the opposite plate ; 
therefore two metals must be employed, and the power 
will then be in accordance with the comparatively low 
affinity of the second one for the elements above men- 
tioned, whereby this retarding effisct is diminished ia 
the same proportion. 

A metal may be positive or negative, in a voltaic 
arrangement, according to the nature of the one forming 
the second element of the circuit: thus, if a plate of 
copper be associated with one of zinc, the zinc will be 
the positive, and the copper the negative metal ; but 
if copper be opposed to platinum, the copper will 
be positive and the platinum negative, and a feeble 
current will be started at the surface of the copper 
plate, and, passing thence through the exciting liquid 
to the platinum, will re-enter by the metallic contact 
at the copper. 

Berzelius has arranged the principal metals accord- 
ing to their electric properties; and from his table, 
commencing with the electro-negative, and passing 
regularly down to the most electro-positive, they take 
the following order: Qold, platinum palladium, mer- 
cury, silver, copper, bismuth, tin, lead, cadmium, iron, 
zinc, aluminium, sodium, potassium. 

Seeing that electrical effects are always exhibited 
when different metals are in contact and moistened by- 
exciting fluids, and that they are accompanied or are 
the result of chemical changes corresponding in amount, 
and, moreover, that the wider apart metals are in their 
positive and negative characters the greater will be 
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the action developed, .how carefully ought the subject 
of amalgams for plugging operations to be considered, 
for, in these, metals, are often inaptly associated of 
wide electrical differences : for example, mercury and 
cadmium stand in very opposite electrical relations ; and 
it has therefore been found, that although such a mix- 
ture recommends itself by many advantages of mani- 
pulation, it is yet useless, from the changes it is liable 
to undergo, in greater or less time, from the above ■ 
causes. And again, where mercury is amalgamated 
with alloys of noble and base metals, the same changes 
are liable to occur; and hence, on the other hand, the 
advantage of such an amalgam as that of palladium, 
where the metals are so nearly alike in electrical 
energies as that little action can take place. 

It is true that the amount of action is infinitesimal 
in healthy states of saliva ; but in acid, or other un* 
healthy conditions, a very efficient exciting fluid is in 
constant action. 

A galvanic battery is a series of simple circuits ; and 
if, in its arrangement, the connection between the sepa- 
rate plates be made from the negative to the positive 
metal alternately, it would be called an ** intensity" bat- 
tery ; but if the whole set of negative plates were con- 
nected together, and then the whole of the positive by 
themselves, the two series would virtually amount to 
one large plate of each metal, although divided into the 
number of small ones employed,and distributed through 
separate cells or vessels. 

If, in place of making a continuous wire connection 
between the plates of a voltaic circuit, as described, it 
be cut in the centre, and the cut ends immersed in a 
vessel containing a conducting fluid — as a solution of 
a metallic salt, or acidulated water, for example — the 
electric current will pass, just as it does through the 
perfect metal wire, but the intermediate particles of 
liquid between the divided ends will be decomposed 
during the passage of the current, the hydrogen and 
oxygen being transferred as before; and if the wires be 
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of a metal incapable of thus naUing with oxygen ^ 
platinam, for example — this gas will be evolved at one 
pole, while hydrogen escapes at the other. 

The points or places where the current leaves, and 
re-enters, are called the poles of a battery. Thas it 
leaves the arrangement at the platinam or negative 
plate, but from the function of the connecting wire 
attached to this, it is called the positive pole. Then 
re-entering at the positive, or zinc plate, the wire or 
pole in connection with the latter is called the negative 
pole. Mr. Faraday employs the term anode for the 
former, and cathode for the latter ; and he designates 
bodies capable of decomposition as electrolytes, and 
the decomposing operation one of electrolysis. 

All compound bodies are not capable of electrolysis. 
The chief are — Ist Oxysalts, wherein an oxyacid is 
combined with a metallic oxide. 2d. Binary metallic 
compounds, as chlorides, iodides, bromides, &a 8d. 
Compounds of the metals with cyanogen (itself a binary 
compound), and also some other analogous bodies. 
But the essential in all cases is, that the body should 
be soluble, or capable of fusion, so as to form a liquid 
conductor of the electric and decomposing force. If 
the electrolyte be a binary compound, the metal 
appears at the cathode or negative pole^ taking the 
direction of the hydrogen in the simple circuit, while 
the other element is set free at the anode or positive 
pole, the point to which oxygen travels. 

The origin of the deposition of metals by elec- 
trolysis may be traced to experiments undertaken to 
determine the cause of the great diminution in activity, 
which was uniformly observed in the Wollaston battery, 
formerly the common arrangement, wherein zinc-gene- 
rating plates were opposed to copper conducting ones, 
both being in the same cell of exciting fluid; and, 
although these batteries were made of immense size, 
this falling off of their power very soon followed their 
being put in action. 

This was traced to the reducing power of the hy- 
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drogen adherent to the coDductiDg plate, as also to its 
tendency to produce a retarding carrent, depending, 
as before observed, upon the affinity of the separated 
bodies for reunion. The reducing power also came 
into play as soon as the cells became somewhat charged 
with the sulphate of zinc formed during action, and by 
reducing the zinc it was deposited at the same spot, 
viz., upon the copper plate, and so diminished action 
by rendering the conducting plates more or less gene- 
rating ones. 

Thus it became evident that any means which would 
assist in the immediate removal of the hydrogen would 
maintain and increase the power of the battery ; and it 
was found that the addition even of a little nitric acid 
to the sulphuric would act chemically, and by its own 
decomposition afford oxygen to the hydrogen, con* 
verting it into water, the remaining elements of the 
nitric acid being evolved as nitrous acid. 

This fact has been taken advantage of to the utmost 
by Mr. Grove in the construction of his battery, where 
the platinum conducting plates are placed in porous 
cells, and charged with strong nitric acid, while the 
zinc or generating plates are placed in a surrounding 
cell, and excited by dilute sulphuric acid as usual. 

Smee argued that as the hydrogen was always more 
readily evolved from points about the conducting plate, 
while it appeared to be tied down by the smoothness 
of its surface, he could by multiplying such points for 
its evolution bring it about fully by such mechanical 
means. And in his excellent battery he has effected 
this very well, by forming a conducting plate of silver, 
and then depositing finely-divided platinum upon its 
surface. And thus he is enabled to use both plates 
in one cell with a single fluid, and consequently re- 
quires no porous tubes ; thus his battery is very handy 
and workable, and at the same time tolerably con- 
stant. 

But to Daniell is mainly due the train of experiments 
and reasoning which led to the results of the present 
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day, and his " constant battery," which appeared before 
Smee's or Qrove's, was the first great step towards 
bringing them about. He found that the addition of 
a saline solution to the fluid, and of the same metal as 
the conducting plate, would be attended by its reduction 
upon that surface, and consequently by its constant 
renewal. Thus, in a series of zinc, sulphuric acid, and 
copper, a small quantity of sulphate of copper added 
will be decomposed during action, and its copper mainly 
precipitated upon the copper plate, but then the local 
currents (already mentioned), as arising in the zinc 
itself, led to the deposition of copper upon the zinc 
also; and hence, without some means of preventing 
this, the battery would again tend to become inactive. 

But Daniell found that any porous material, as blad- 
der, paper, or unglazed earthenware, while all sufficient 
to prevent the mixture of the fluids, yet allowed the 
current to pass freely; and thus arose his battery, 
wherein he employed a cylindrical zinc-generating 
plate, and placed it in a porous vessel of dilute sul- 
phuric acid : this was contained in the centre of an 
external copper case or cell, which formed the con- 
ducting plate, and being charged with a strong solution 
of sulphate of copper, was constantly being renewed 
by the very action whereby the opposing element 
hydrogen was being removed from the circuit. 

During the experiments which led to this conclusion 
Daniell actually observed that the copper so reduced 
might be stripped off in some cases in a coherent sheet; 
and the author, while a pupil of his, remembers well 
his exhibiting to his class a portion of the metal so 
removed, as exemplifying the uniformity of the deposit, 
inasmuch as file-marks existing on the plate on which 
the deposit was made were reproduced perfectly upon 
the precipitated metal. Yet the great application of 
this fact escaped both the teacher and his hearers, and 
was rediscovered by Jacobi, and also by Spencer and 
Jordan, although no doubt the discovery depended 
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upon the facts elucidated daring the production of the 
constant battery. 

The art of electro deposition of metals now forms a 
very extensive branch of manufacture, and by it the 
old methods of plating are almost superseded, and, in 
addition to many metals, the deposit of alloys, as 
brass, German silver, or alloys of gold and silver, are 
readily eflfected. 

Two methods of manipulation are in use, the one 
wherein the battery is employed,, and the actual ope- 
ration carried out in a separate or decomposing cell ; 
the other one, where the body on which the deposit 
is to be formed, is made the negative plate of a simple 
voltaic circuit, this is called the single-cell operation. 

To commence with a simple example of the latter 
method. Suppose it is desired to obtain a fac-simile 
in copper of a medal or work of art, which will not be 
injured by immersion in the copper solution. For the 
single-cell process, an earthenware or glass jar of suffi- 
cient size is arranged, with a cylindrical porous cell 
placed in it at one side. Into the former a nearly 
saturated solution of sulphate of copper is put, and in 
order to keep the liquid from becoming weakened by 
the abstraction of its copper during the operation, a 
small quantity of the salt in crystals is suspended in 
the solution, in a colander or a muslin bag: into the 
porous cell dilute sulphuric acid is put, 1 part of strong 
acid being mixed with from 7 to 9 parts of water. Next 
the plates are prepared, the positive being a stout strip 
or rod of zinc, having its surface amalgamated with 
mercury, and provided with a binding screw upon its 
upper end ; next, the medal is adapted, by binding a 
clean copper wire round its circumference ; after which 
the reverse, and also the edge, are covered with some 
non-conductor, as a coating of wax for instance, while 
the surface to be deposited upon is brushed over with 
a little black lead ; the first prevents the deposit taking 
place where the wax covers, otherwise the medal 
would be actually encased in copper, and the second 
86 
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insures its ready separation from the sar&ce of the 
medal. 

The zinc plate is now immersed in the acid of the 
inner porous cell, and the medal thus prepared is put 
into the outer copper solution, then on bending the 
wire over to the binding screw of the zinc^ and clamp- 
ing the two firmly together, action at once commences, 
and the deposit forms steadily over all parts of the 
medal uncovered by the wax; the operation is then 
carried on from one to several hours, or even a day 
or two, according to the thickness of metal it may be 
desirable to form. When the proper substance has 
been deposited, the medal is removed, and the deposit 
taken ofi^ next the waxed and black -leaded surfaces are 
changed, and the same operation then carried on upon 
the reverse side. 

But it will at once be seen that the relief parts of the 
medal must be reversed in these copies, therefore the 
latter have now conducting wires soldered upon them, 
and are then employed in a similar way as matrices, 
in which to deposit metal again, which second pair will 
be exact copies of the original medal. 

Now, although the simplicity of the process just 
described strongly recommends it, and renders in very 
applicable to operations upon small objects, it is difficult 
to exercise that control over the nature and rate of 
deposit which may be easily obtained by employing 
the battery; hence, for all works upon the larger scale, 
a separate cell connected with a battery is to be pre- 
ferred, as afiTording these facilities, and at the same time 
enabling the operator to maintain his solution in more 
uniform condition. 

The battery employed in large manufactories is a 
modification of the old Wollaston battery of copper 
and zinc elements, and commonly from one to three or 
four pairs of plates are found sufficient, but for smaller 
work about six cells of Smee's are most useful, and 
especially for silvering and gilding on the small scale; 
and, moreover, in the beat forms of his battery the sets 
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of plates are asnally arranged in a frame which admits 
of their being lowered or raised in the acid cells by 
means of a rachet-wheel, so as to immerse the plates 
to any desired extent, according to the battery power 
required. 

The decomposing cell may be a large trongh, but 
for operations of moderate size a large glass or stone* 
ware jar answers best, and particularly for working 
upon gold or silver solutions, as these require to be 
kept at a tolerably high temperature by artificial means 
dqring the progress of the deposition. A metal bar 
carried across, and resting upon the upper edge of 
the jar, is provided with a binding screw, by which to 
attach it to the wire proceeding from the first silver 
plate of the battery. A similar one is placed parallel 
to the first, and at the opposite side of the jar, this is 
attached to the wire proceeding from the last zinc, 
plate. These are made capable of regulating the dis* 
tance between them as desired, for this is one means 
of controlling the rate of the deposition. Then the jar 
being filled with a somewhat dilute solution of the 
metal about to be employed, a plate of the same metal 
is to be attached to the first metallic bar, in connection 
with the positive wire from the battery. Lastly, from 
the second bar (and negative wire) the article or mould 
upon which the deposit is to be made, is hung, or indeed 
any number which the bar will carry, care being taken 
that all the metallic contacts are perfect throughout, 
from the last zinc plate of the battery to the actual 
surfaces of the moulds. The addition of the metallic 
salt to the decomposing cell renders it a better con- 
ductor of the current, but, as regards the deposit itself, 
metal for that is continuously supplied by the gradual 
solution of the suspended plate, which takes place 
under the influence of the current established by the 
battery. But the strength of the solution, and conse- 
quently its conducting power, as also its temperature, 
and, farther, the amount of battery power and the dis- 
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tanoe between the poles in the decomposing cell, 
determine together the rate of deposit, and its texture. 

If these points are well balanced, the formation will 
be uniform in texture, tough and coherent, and the 
slower the rate of deposit the harder it will be. But, 
if the solution be too strong, or the battery power too 
great, the deposit will be granular,or entirely crystalline, 
so much so as to drop off the mould into the solution. 
Or it may go beyond this and be thrown down quite 
pulverulent. 

During the operation, and particularly where it is 
performed by the battery and a decomposing cell, it is 
necessary to keep the liquid well mixed by occasional 
stirring, otherwise that surrounding the positive plate 
will become unduly charged with metallic salt, while 
at the negative plate it becomes comparatively weak. 

For ordinary work the amount of power to be put 
on may be determined and apportioned according to 
the experience of the operator, and judged of by the 
examination of the deposited metal as it proceeds ; but 
there are cases where extreme care is needed, both as 
to the nature and amount of deposit, and where con- 
sequently more determinate means must be employed 
to insure the perfection of the process. Thus it is 
customary to divide the wire proceeding from the zinc 
of the battery and interpose a galvanometer needle. 
Then in working, the battery plates are immersed to 
just the depth which will deflect the needle to a point, 
whereat by experience the deposit is known to form 
in a close and coherent manner. 

Before leaving these points of manipulation it may 
be observed, that without attention to the renewal of 
its acid a battery will diminish in power, and the ope- 
ration consequently go on very unsatisfactorily from 
saturation of the liquid with sulphate of zinc; the time 
for attention to this is indicated by the amount of work 
which has been done, as also by the state of the zinc 
^ plates, and when once the latter have become bare of 
"^ amalgamation, their solution goes on very far in ad- 
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vance of the amount of work done. Fresh acid must 
therefore be supplied from time to time; and if, as is 
sometimes the case, reduction of the zinc has taken 
place upon the platinized silver of Smee's arrangement, 
the remedy consists in removing the zincs, and dipping 
the silver for a short time in some dilute sulphuric acid, 
which will cleanse them perfectly. 

The solution employed for depositing copper in all 
ordinary cases is made by dissolving the sulphate or 
''blue vitriol" of commerce in water, and then adding 
a small quantity of sulphuric acid. If the solution re- 
quired is for a single cell, it is made nearly saturated, 
and the acid subsequently added ; but if it be for use 
in a decomposing cell, a weaker one is employed, made 
by dissolving a pound of the salt in 7 or 8 pounds of 
water, and to this it is usual to add about 14 oz. of 
sulphuric acid. 

But the ordinary solution will not serve for deposit- 
ing upon iron, steel, or any of the more electro-positive 
metals. This may be effected by employing the double 
cyanide of potassium and copper — a salt easily pre- 
pared as follows: Cyanide of potassium solution is 
added to one of sulphate of copper; thus a green pre- 
cipitate falls, which is to be removed, washed, and dis- 
solved in a solution of cyanide of potassium, and, after 
diluting considerably, is ready for use. Care must be 
taken not to inhale the gas evolved during the prepa- 
ration of the cyanide of copper, as it is very poisonous. 

As articles of iron or zinc are liable to be soiled by 
grease or oxide, they must be perfectly cleansed before 
attempting to coat them. For this (as for similar uses) 
a strong solution of caastic potassa is used, and may, 
therefore, be prepared in quantity by dissolving com- 
mercial pearlash, and adding half its weight of powdered 
quicklime to it. After standing about 24 hours, the 
clear solution may be poured off for use. 

After cleansing iron articles by this, they are to be 
washed a second time, but with dilute sulphuric acid 
containing a little hydrochlorine also, and, after this, a 

86* 
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good brushing with some fine sand, and, lastly, washing 
with clean water, will leave them ready for coating. 
The decomposing cell for this operation should be kept 
at a temperature of about 160°, and as the operation is 
altogether more troublesome than with the ordinary 
solution, as soon as a good adherent deposit is down, 
the work may be removed and completed in a sulphate 
solution in the ordinary way. In order to get the first 
film from the cyanide solution, the battery power must 
be considerable, so as to keep up evolution of hydrogen 
from the iron sur&ce, during the deposition of th^ 
copper. 

The deposition of gold or silver, as analogous opera- 
tions may be considered together, and if performed by 
the single cell process, in consequence of the expensive 
material we are dealing with, a difierent arrangement 
may be made of its parts, especially where the article 
to be covered is small. The cell may, therefore, be 
constructed by pntting the zinc or positive metal with 
the sulphuric acid in the external or larger vessel. In 
the centre of this is put the porous pot, and into this 
the gold or silver solution, and on connection of the 
mould with the zinc plate action will be carried on 
just as in the opposite arrangement. 

But for silvering or gilding, it is again absolutely 
essential, in order to obtain a thoroughly adherent de- 
posit, that the surface of the metal to receive it be 
scrupulously clean ; hence the first step, especially with 
any old metallic surface, consists in well washing it in 
caustic potassa, and subsequently in clean distilled 
water. In addition to this, in some cases the article is 
quickly dipped in nitric acid and washed, or else 
slightly scratched by a scratch-brush, so as to destroy 
the perfectly smooth surface, which would not afibrd 
so firm a hold for the deposited metal as a slightly 
roughened one. 

The solutions either for gold or silver may be pre- 
pared by the battery itself, and an ingenious (^rator 
(Mr^ Ladd) has been for some years in the habit of thus 
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dispensing with all strictly cbemical processes in their 
preparation. He first makes a clean solution of cyanide 
of potassium in distilled water, employing about ^ oz. 
of salt to 80 oz. of water. This is put into the de- 
composing cell; next the gold or silver plate or pole 
(according to the solution required) is attached to the 
cell bar connected with the last silver of the battery ; 
then placing a porous pot in the cell, a sheet of copper 
is put into this, and connected with the last zinc of the 
battery ; then, upon putting the latter into action, the 
cyanide will be decomposed, and the gold or silver 
plate slowly dissolved; but as the copper plate, by 
being placed in the porous pot, is protected from the 
deposition of the dissolved metal, the latter is taken 
into solution in the fluid of the cell, as a double cyanide 
of gold, or of silver, and potassium, and when the 
porous cell and copper are removed is ready for use. 

The amount of gold or silver so dissolved may be 
controlled to a nicety by weighing the plate before the 
operation, and occasionally during its progress, until 
the proper richness is arrived at. For silver, a solu- 
tion to work well should contain about 1 oz. of silver 
in 50 oz., and for gold 1 oz. in 100 will generally be 
sufficient. This plan of preparing solutions is now 
used in some of the larger electro-plating works. 

But it is at times necessary for single cell operations 
to prepare the solutions in the ordinary way. The 
following formuIaB will afford good results : — 

For silver, a solution of pure nitrate is first made, 
and cyanide of potassium added to precipitate the 
whole of the silver as cyanide ; but the addition must 
be made cautiously, as the cyanide of silver is soluble 
in excess of the precipitant. Should too much be 
added, the precipitate may be recovered by the addition 
of more nitrate of silver, until saturation is exactly 
arrived at. Next, separate the precipitate by decanta- 
tion, and well wash it, and then dissolve in cyanide of 
potassium, in the proportion of about three parts of 
the latter to one of the silver salt; this is then diluted 
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to a proper strength for use. But, in order to a^oid 
chances of loss by the preparation of the cyanide of 
silver, the silver nitrate may be precipitated as oxide 
(see page 167). This, when well washed, may be dis- 
solved in the cyanide of potassium solution as before. 

The gold solution is made by first preparing a clear 
solution of pure chloride of gold (see p. 206). To this 
strong solution of cyanide of potassium is added, stirring 
at the same time; brisk effervescence takes place, and 
a brown precipitate falls. The cyanide is, therefore, 
added cautiously as long as this takes place. Next, 
the separated precipitate is well washed, and dissolved 
in a solution of cyanide of potassium, containing about 
seven parts of the salt for every one of gold in solution. 
This may now be employed for gilding, although some 
operators again evaporate to dryness, redissolve in 
boiling water, and filter before using. 

In depositing gold or silver, the operation is best 
performed at a temperature of from 180° to 170®. 
This is conveniently carried out by using an enamelled 
iron pot of water, and keeping it hot by a ring gas 
burner ; this forms a water bath in which the decom- 
posi ng cell is placed ; and in case of fracture of the latter 
forms a clean receptacle for the valuable solution. 

The manipulation employed by Mr. Ladd in gilding 
the Government standard weights, and hydrometers, 
and the like delicate instruments, may be detailed as 
affording a good example of the requisite practice to 
insure perfect workmanship. 

The metal being first carefully cleaned by potassa, 
is immersed in the silver bath (well hot), and the bat- 
tery plates being lowered in their cells, a thin coat of 
silver is first given, as it is found that this metal is, if 
anything, more adherent, and forms a good foundation 
for gold : the instruments are removed in a few min- 
utes, and thoroughly brushed with a circular wire 
scratch brush, made to revolve in a lathe; thus 
the newly-deposited metal is burnished down most 
thoroughly, while, at the same time, by this treatment 
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any traces of eolation retained under the yet porous 
coat of silver are squeezed out. After a second coat 
of silver and again burnishing, the work is transferred 
to the gilding cell, and the operation carried on in the 
same way, alternately gildiug and burnishing until 
complete. If the work be weighed before and after 
one of these buroishings, it will be found that little or 
no metal is taken off, but that it acts just as a smooth 
burnisher would, viz., by laying the metal solidly 
down. This example is one where extreme care is 
needed, but the gilding or silvering of articles purely 
ornamental may be effected with much less mechanical 
detail. 

For depositing silver the power of the battery needs 
not to be very strong, in which case, however, a soft 
deposit is formed ; if it be required harder, it can be 
readily obtained by employing more power; but, on 
the other hand, too much will cause the metal to sepa* 
rate in a pulverulent form. The suspended silver pole 
should present a considerable surface toward the article 
to be coated. 

The color of the metal will be perfectly white, and 
with somewhat of a milky hue ; the brush immediately 
burnishes this; but, if necessary, silver may be de- 
posited perfectly bright and lustrous, by the addition 
of bisulphide of carbon to the solution, to the extent 
of about 6 drachms to the pint. The mixture must 
stand some days before using. 

In depositing gold, the moment the article is im- 
mersed; it will be covered with a thorough coating, 
although, of course, excessively thin ; but such a film 
will mtj'ely give color, and not stand wear. As this 
metal, in the pure state in which it is deposited, is 
naturally soft, even after burnishing, the coating must 
be tolerably thick. 

The deposit of gold may be considered good if, on 
removing the article, it appears of a brownish-yellow 
color; this affords a burnished surface of the color of 
pure gold; but here, again, as in silver, a pulverulent 
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deposit will resalt from too moch battery power, and 
it is then of a dark-brown color. 

It is often required to gild articles of iron or steel, 
but it is very difficult to get the metal adherent ; and, 
although it will cover well, it rubs off by the least 
friction. In such a case it may be effected by first de- 
positing a film of copper from the double cyanide, as 
described, and then the gold will become perfectly ad- 
herent upon the latter. 

A variety of materials have been employed for 
forming moulds, upon which, however, copper is usu- 
ally first deposited. The non-conducting ones are 
formed of plaster of Paris, mixtures of stearine and 
wax, gutta percha, either alone or mixed with other 
plastic materials, together with some other compounds, 
the materials being selected according to the nature 
of the object to be moulded. All these require to have 
some conducting material over their surface for de- 
position upon, and the substance suggested by Mr. 
Murray, viz., good black-lead, is found to answer most 
efficiently. 

In using plaster of Paris, the mould being taken in 
this material, is next rendered impervious to the me- 
tallic solution by placing it face upwards in a tray of 
melted wax. On watching it the wax will be seen to 
rise to the surface of the plaster by absorption through 
its texture. It is then removed, and when cold, 
brushed carefully over with good black-lead, by means 
of a soft brush, and the conducting wire having been 
previously inserted, the plumbago is continued well 
on to this. 

A good formula for a stearine compound is given 
by Mr. Watt. It is 8 oz. of stearine to 6 of wax and 
1 of spermaceti. These are melted together, and then 
an ounce of carbonate of lead is stirred in. The latter 
adds to the specific gravity of the mixture, and so 
prevents the tendency of the mould to float in the so- 
lution. It is used by melting it and pouring upon the 
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object, care being taken to stir out air-bubbles, if 
formed. 

Guttapercha may be used alone, being softened by 
heat, but the surface of the work to be copied must be 
slightly greased with oil before its application. It is 
then kneaded over it, and when covered, a piece of 
wood is laid upon it, also greased to prevent adhesion, 
and upon all a weight. When cold, it may be taken 
ofT. Moulds may thus be obtained from plaster casts 
in gutta-percha. 

Mr. Gore mixes marine glue with the gutta-percha, 
in the proportion of one part of the former to two of 
the latter. The marine glue is melted in an iron ladle, 
and the gutta-percha then added in small pieces, and 
the two, when completely melted, are to be well 
mixed. Gore states that moulds of this material may 
be employed with care for several deposits ; that it 
takes the plumbago better than gutta-percha alone, 
and in casting will receive a sharper impression, and 
is easily removable from the original. 
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Sulphide, 291 
Teroxide, 291 
Black band iron ores, 319 
flux, 164 

lead for eleotro-metallnrgio 
purposes, 430 
Blast furnace, Faraday's, 99 
Griffin's gas, 93 
Iron, 324 
Sefstrom's, 100 
Tin, 367 
Blende, 382 
Block tin, 368 
Blowpipe assaying, 234 
Black's, 89 

flame for oxidation, 90 
reduction, 91 
Herapath's, 93 
mouth, 87 
Production of blast with, 

90 
supports, 91 
table, 92 
Bone ash, 171 
Bog iron ore, 320 
Bohemian potash glass, 407 
Borax, 164 
Brass, 388 

Britannia metal, 376 
Bromides, Metallic, 63 
Bronse, 377 

containing tine, 392 
Brown's wet assay of copper, 274 
Bunsen's gas-burner, 85 
Burnett's solution, 387 
Butter of antimony, 299 

Cadmium alloys, 394 

Chloride, 394 
History of, 393 
Oxide, 394 
Preparation of, 393 
Properties of, 394 
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Cadminm Snipbide, 894 
Testfl for, 395 
Caloiam, 403 

reaotions, 409 
Calomel, 136 
Carbon, Proportion of, in iron and 

■tee], 336 
Carbonates of iron. Composition of, 

319 
Case hardening, 347 
Cast-iron, 329 
steel, 340 
Cathode or negative pole, 418 
Cementation of steel, 337 
Charcoal, 112 

Chemical action attended by elec- 
tric, 412 
Chemical affinity, 42 

influenced by light, 
heat, or electricity, 
45 
Examples of, 48 
Laws governing, 47 
equivalents and symbols, 

Table of, 26 
nomenclature, 50 
Chilled castings, 346 
Chinese yermilion, 138 
Chlorides, Metallic, 61 
Chrome, 308 

iron ore, 308 
Chromiam, 318 

Discrimination of, 311 
Oxides, 309 
"Pink," 310 
Sesquiozide, 309 
Cinnabar, 123 

Analyses of varieties of, 
123 
Clays, Analysis of fire, 103 
Porcelain, 400 
Pottiers' 400 
Stourbridge, 104 
Clay-band iron ore, 319 
Cleaning articles for receiving elec- 
tro-deposits, 425 
Cleaning do., previous to electro- 
plating, 426 
Coal, Pit, its ash, 109 

Products of distillation, 108 
Varieties of, 109 
Cobalt, 362 

** Blue oxide," 863 
Discrimination, 364 
Ores, 362 
Preparation, 362 



Cobalt, « Prepared oxide," 363 
Protoxide, 362 
Properties, 362 
Sesquioxide, 363 
Bilicate, 363 
Cock, for humid silver assays, 188 
Cock's method of working palladium, 

256 
Coke, 114 

Production by mound, 115 
ovens, 115 
from gas tar, 116 
Cold-blast, iron, 326 
Conditions influencing nature of 

electro-deposits, 423 
Comparative value of fuels, 117 
Conducting or negative plate, 415 
wire, magnetic state o^ 
413 

ofbatterydivided, 
417 
Condie*s steam hammer, 333 
Copper alloys, 284 

Ammoniacal sulphate, 315 
Associate metals in commer- 
cial, 281 
Assay of, 273 

wet of, 274 
Bismuth alloy of, 292 
Cyanide of, with potassium, 

425 
Discrimination of, 286 
Estimation of, 287 
History, 272 
Metallurgy, 276 
Ores, 272 
"Polling," 279 
Preparation of pare, 281 
Properties, 282 
Protoxide, 283 
Protosulphide, 284 
Pulverulent, Preparation of^ 

281 
Refining, 279 
Suboxide, 282 
Subsulphide, 284 
Sulphate solution for electro- 
deposition, 425 
Zinc alloy of, 388 
Crown glass, 407 
Crucibles, 104 

tested, 106 
Crnm's test for manganese, 861 
Crystallization, 75 

of metals, Artificial, 
81 
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CryBtallixatioD, Water of, 79 
Crystalliae axes, Action of light on, 

81 
Crystals, Classification of, 77 
CleaTage of, 75 
Dimorphism of, 79 
Isomorphism of, 79 
Secondary forms of, 76 
Water of constitntion, 79 
Cnllet, 427 

Copellation for assaying purposes, 
171 

Stages of, 182 
of gold, 228 

by blowpipe, 234 
of silver on the large 

scale, 152 
of platinum, 248 
Capel furnace, 1 73 

mould, 173 
Cupels, 172 

Danieirs Pyrometer, 120 
Decimal solution of salt, 186 

silver, 186 
Decrepitation, 80 
Deliquescence, 80 
Decomposing cell, 423 

Use of metallic 
salts in, 423 
DenUl gold-leaf, 230 
Deville's method of platinum work- 
ing, 247 
platinum furnace, 249 
Dodd's humid assay of silver, 193 
Double salts, 74 

Ductility of metals. Table of; 32 
Dutch vermilion, 138 

Earthenware, 400 
Efflorescence, 79 
Electric order of the metals, 416 
Electro-current, effect of, on the 
magnet, 413 
deposits by single cell pro- 
cess, 421 
battery, 422 
gilding, 426 

Color ofgold in, 429 
upon steel, 430 
metallurgy, 412 
metallic deposition, Origin 

of, 418 
silvering, 426 

Color of deposit 
in, 429 



Electrolysis, Bodies capable of, 418 
Equivalent proportions 

observed in, 413 
Meaning of, 418 
Requisites for carry- 
ing on, 418 
Electrolyte, 418 

Elements, classification, symbols, 
and equivalents, 26 
Nature of, 25 
Transference of, daring 
electrolysis, 414 
Equivalent, Meaning of, 26 

numbers, their unit, 47 

Faraday's thin films ofgold, 214 
Felspar, 403 
Ferrate of potassa, 350 
Fire-bricks, 101 

clays and lutes, 102 
Analysis of, 103 
Flame, Analysis of, 89 
blowpipe, 90 

Reducing, 91 
Flint glass, 407 
Fluxes, 162 
Forging platinum, 245 
Fuels, 108 

Estimation of heating power 
of, 118 
Fulminating gold, 217 
Furnace, Deville's platinum, 249 
Faraday's blast, 99 
Gas, 85 

blast, Oriffin's, 93 
Iron blast, 324 
Muffle or assay, 172 
Puddling, 331 
Reverberatory, 97 
Sefstrom's, 100 
Steel, 337 
Wind, 95 
Fusible metal, 376 

Oalena, 260 

Analysis of, 270 
Oalvaniied iron, 389 
Galvanometer, 414 

use in controlling elec- 
tro-deposits, 424 
Galvanic battery, 417 
Gas-burners, 86 
furnace, 86 

parting apparatus, 230 
Gay-Lussac's humid assay of silver, 
184 
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Generating or positiTe plate, 416 
Oermao silver, 389 
Gilding, Electro, 426 
on iron, 430 
Water, 221 
GUm, 407 

Bohemian, 407 
Varieties of English, 407 
Goadbj's fluid, 137 
Gold alloys, 221 

with antimony, 801 
copper, 285 
lead, 260 
palladiam, 259 
platinum, 253 
silver, 222 
tin, 374 
zinc, 388 
amalgams, 221 
amalgam, Distillation of, 203 
Amalgamation of, 201 
Artificial crystallixatioi^ of, 215 
Assay of; 226 

by blowpipe, 234 
touchstone, 226 
beating, 237 
Bisulphide, 219 
Cementation of, 205 
coin. Composition of, 223 
Cupellation of, 228 
cyanide with potapsinm, 426 
Deposition of, by battery, 428 
by single cell, 
426 

digging. 1^« 
dust melting, 203 
Estimation of, 223 
Faraday's thin films of, 215 
fine, preparation of, 209 
Forms of precipitation, 211 
Fulminating, 217 
History of, 195 
Iodides, 218 
localities, 196 
Parting of, 231 

assays, 233 
Precipitation by ozalie acid, 
213 

sulphurous acid, 
212 

sulphate of iron, 
212 
Properties, 214 
protoxide, 216 
Protochloride, 217 
Protosulphide, 218 

8 



Gold quarts emshing, 201 

refining by nitric acid, 307 

sulphuric acid, 207 
refined, Values of; 209 
solution by battery for electro- 
depositing, 426 

for single cell ope- 
rations, 427 
Btreni^h of, for 
electro-gilding, 
427 
Sources, 196 
Terchloride, 218 
Terozide, 217 
Tests for, 223 
Weights for assay of, 227 
weighings, trade assay, 227 
Gore's material for electro-moulds, 

431 
Grain tin, 368 
Griffin's blast furnace, 93 
Gun metal, 377 
Gutta peroha for electro-moulds, 431 

Haloid salts, 71 

Heat, measurement of, 118 

Haematite, 320 

Horn quicksilver, 123 

silver, 144 
Hot-Blast iron, 327 

• 
Iodides, 63 

Iron, Assay of, dry, 321 
wet, 322 
blast furnace. Charge for, 328 
Description of, 
824 
, Working of, 
828 
Bisulphide, 853 
Carbonates of, 319 
cast, Impurities of, 330 

Qualities of, 330 
coated with sine, 889 
Cold blast, 326 
Discrimination of, from steel, 
350 
as protoxide, 352 
as sesquiozide, 353 
Estimation of, 353 
Fluxes, for smelting, 328 
History of, 318 
Hot blast, 326 
Malleable. 330 
Ores, 319 

Calcination of, 324 
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Iron, Perohloride, 251 

Preparation of pare, 336 

Properties, 335 

Protoxide, 350 

Protoobloride, 351 

Protosulphide, 351 

Paddling, 331 

pyrites, 320 

refkking, 330 

rolling, 334 

Sesquioxide, 351 

shingling, 333 

slags, Nature of, 329 

spathose ore, 310 
Iserine, 306 
Isomorpkism, 79 

Kaolin. 400 
Kermes* mineral, 300 
Kapfer nickel, 335 
Kyanising, 137 

Lamp, Spirit blast, 87 

Lead, Action of water apon, 265 

allojs, 268 

with bismntb, 292 
copper, 285 
sine, 388 

Chloride, 267 

Dichromate, 268 

Estimation o( 270 

History, 260 

Metallurgy, 261 

ores, 260 

Pattinson's process for desil- 
▼eriiing, 263 

Parkes* process for desilver- 
ising, 264 

Peroxide, 267 

Preparation of pare, 264 

Properties, 265 

Protoxide, 265 

Red oxide, 266 

Refining or '4mprQYing,'' 262 

Bnlphide, 267 

Tests for, 270 
Lime, Reactions of, 400 
Lithia, Reactions of, 410 
Local currents, 415 
Louyet's nickel process, 355 
Lutes, 102 

Magistral, 147 
Magnesium, 396 

Magnet affected by electrical con- 
ducting wire, 413 



Magnetic oxide of iron, 320 
Manganese, 359 

Binoxide, 360 
Discrimination of, 361 
Protoxide, 359 
Red oxide, 361 
Besqnioxide, 369 
Manganic acid, 361 
Mari, 400 

Marshes test for arsenic, 316 
Massicot, 266 

Mercury, Adulteration of, 130 
Mercury, Almaden procen for re- 
ducing, 126 
Characters of compounds 

of, 139 
Chloride, 137 
Deux Pouts process for 

reducing, 129 
Estimation of, 140 
Filtration of, 133 
History, 122 

Horowitx reduction pro- 
cess, 128 
Idrian reduction process, 

123 
Iodides, 137 

Lansberg reduction pro- 
cess, 129 
Ores of, 122 
Properties, 133 
Protoxide, 135 
Purification, of, 132 
Redistillation of, 131 
Subchloride, 135 
Suboxide, 134 
Sulphides, 137 
Tests for parity of, 130 
Metallurgy, Definition o^ 25 
Metals, Color, odor, and taste of, 30 
Conduction of electricity and 

heat, 33 
Definition of, 29 
Division of, 27 
Electric order of, 416 
Ductility, tenacity, and mal- 
leability of, 30 
Tran9parency of, 29 
Metallic chlorides, 61 

Methods of pre- 
paring, 61 
reducing, 62 
iodides and bromides, 63 
oxides, 54 

Methods of obtaining, 55 
reduciqg, 57 
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MeUIlio phosphidM, 67 
salto, 69 
aalphidePy 63 
Methoda of preparing, 64 
redooing, 66 
Metalloids, 29 
Metastannio aoid, 371 
Meteorites, 318 
Mispiokel, 312 
Mosaic gold, 389 
Moulds for eleolro-deposits, 430 
Muffle, 175 

Fitting up of, 175 
furnace, 172 

Fuel for, 176 
"mouth coals,'' 
182 
Neutral salt defined, 70 
Nickel alloys, 355j 
chloride, 357 
diarsenide, 355 
Discrimination of, 358 
Estimation of. 358 
History of, 355 
ores, 355 
Preparation, 355 
Properties, 358 
Protoxide, 358 
Sesqnioxide, 357 
I silver, 389 i 

Sulphides, 357 
Nomenclature, 50 
Normal salt solution, 186 

Orpiment, 314 

Oxidation flame, 90 

Oxides, Metallic, 54 

Preparation of, 55 
Beduction of, 57 

Oxysalts, 72 

Palladium alloys, 258 

with bismuth, 292 
copper, 285 
lead, 269 
tin, 395 

Amalgam of, 258 

Chlorides, 258 

Dipcrimination of, 259 

Estimation, 259 

Oxides, 258 

Preparation of, 256 

Properties, 257 

Sulphide, 258 
Parting of gold, 206 

containing plalipumi 254 



Parting in assaying, 231 

** assays," 233 
Parkes' copper assay, 274 
lead process, 264 
Patent yellow, 268 
Pattinson*s lead process. 263 
Pelouie's assay of copperi 274 
Peat, 112 

Permanganic acid, 361 
Pewter, 376 

Solder for, 396 
Phosphides, 68 
Pig iron, 328 
Pitch blende, 303 
Plaster of Paris for electro-moulds, 

430 
Plate glass, 407 

Platinum, alloys with bismuth, 292 
copper, 285 
gold, 253 
lead, 269 
palladium, 

258 
silver, 253 
tin, 375 
sine, 388 
Associate metals with, 

242 
Bichloride, 252 
Bisulphide, 252 
Devi lie's method of work- 
ing, 247 
Estimation of, 254 
History of, 242 
Oxides, 252 
Properties, 251 
Protochloride, 252 
Protosulphide, 252 
Beactions of, 253 
WoUaston's method of 
working, 243 
Plumber's solder, 375 
Poles of a battery, 418 
Polar condition of particles in vol* 

taic circuit, 414 
Poling copper, 279 
Porcelain, 400 

clay, 400 
Potassa Bichromate, 308 
Chromate, 309 
Beactions of, 409 
Silicate, 406 
Potassium preparation, 404 
Pottery, 400 
P P bricks. 102 
Purple of Castiius, 219 
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Patty powder, 371 
Pyritea, iron, 320 

Mognetie, 320 
Pyrolasite, 3ft0 
Pyrometer, Danieirs, 120 

Wedgwood'e 119 

QaarUtion, 206 
Queen's metal, 376 

Realgar, 314- 

Reactions, General, of metalf, 410 
Red rilver ore, 144 
Reducing flame, 91 
Reductiun of copper, 275 
Refining of gold dry, 204 
\ wet, 205 

iron, 330 

lead, 262 

platinum, 250 

silver, 151 
Reverberatory furnace, 97 
Rosette gas and air burner, 86 
Rouge, 351 
RutUe, 307 

Baits, Binary theory of, 73 
Classification of, 74 
Sandiver, 408 
Bcheele's green, 314 
Scorification, 169 
Sefstrom s furnace, 100 
Silver alloy with bismuth, 292 
copper, 284 
gold, 222 
lead, 268 
palladium, 258 
platinum, 253 
tin, 374 
zinc, 388 
amalgams, 160 

Analysis of, 167 
Ammonia-nitrate of, 315 
assay of alloys, 171 
ores, 168 
Humid of, with mer- 
cury, 193 

Indian, 103 
Battery power required for 

electro-deposition of, 429 
Bromide, 158 
Carbonate, 159 
Chloride, 157 

Cupellation for refining, 152 
cupelled, Quality of, 154 
cupellation for assay, 181 



Silver, deposition by battery, 429 
bright, 429 
by single cell, 426 
doable cyanide with potas- 
sium, 426 
Estimation of, 166 
History, 143 
Iodide, 158 

Mexican amalgamation pro- 
cess, 146 
Nitrate, 158 
ores, 144 
Peroxide, 157 
Protoxide, 156 
Precipitation by copper, 161 
Properties of, 155 
Pure, its preparation, 160 
Parting assays of, 233 
Reduction of ores by lead, 
145 

copper, 146 
liquation, 146 
from chloride, 162 
Saxon method of, amalgama- 
tion, 149 
solder, 374 

solution for electro-deposits 
made by battery, 426 
for single-cell process, 427 
Strength for battery, 427 
Subchloride, 157 
Suboxide, 156 
Sulphate, 159 
Sulphide, 158 
Teste for, 165 
Silvering looking-glasses, 373 
Simple galvanic circuit, 415 
Single cell, 421 
Smalts, 363 
Smelting iron, 324 
lead, 261 
tin, 366 
Soda reactions, 410 
Sodium preparation, 404 
Solders, 375 

for aluminium, 398 
Solution for electro-deposit of gold, 
426 

silver, 426 
deposits by sin- 
gle cell, 427 
deposits of cop- 
ger, 425 
Spsthose iron, 819 
Speculum metal, 377 
Specific gravity, 34 
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Speeifio gravity taken by balanoe, 
35 

graTimeter, 89 
table. 41 
Bpecala iron ore» 320 
Speiu, 355 

Spongy gold for pings, 240 
Stannio aoid, 371 
Stearine for eleotro-monlds, 431 
Bteel, 336 

Analyses by Mnshet, 336 

Berthier, 336 
Bessemer^s process for, 342 
Blistered, 338 
Cagt, 340 
Disorimination of, from iron, 

350 
forging for hardening, 346 
Formation of, 337 
hammer hardening, 340 
hardening, 343 

Cooling down for, 346 
Precautions in, 345 
Shear, 339 
Taranaki, 341 
Tempering, 346 
Tilted, 340 
Stourbridge bricks, 101 

clay, 102 
Strontia reactions, 409 
Sablimation, 81 
Subsalts, 71 
Snlpharsenio aoid, 315 
Sulphides, 63 
Sulphur salte, 73 



Temperatures. Measurement of 

high. 119 
Tempering steel, 348 
Tin alloys, 373 

Bichloride, 372] 

Bisulphide, 373 

Discrimination, 378 

Estimation. 379 

History. 365 

Impurities in, 368 

Liquation of, 368 

Metallurgy, 365 

ores, 365 

Peroxide, 371 

plate, 378 

Preparation of pure, 368 

Properties, 369 

Protochloride, 372 

Protoxide, 370 



Tin, Protosnlphide, 373 
Sesquibulphide, 373 
smelting. German method, 367 
Titanic acid. 307 
Titanium, 306 

Discriminotion of, 307 

Metallic. 306 

Nitride, 306 
Touchstone, Assay by, 226 
Turner's yellow, 268 
Type metal, 377 



Uranium, 303 

Black oxide, 305 
Chloride. 304 
Discrimination of, 305 
Green oxide, 305 
Nitrate, 304 
Oxides, 304 
Sesquioxide, 305 



Yermilion, 138 
Voltaic battery, 417 

Cause of loss of 

power in, 418 
DanielPs, 419 
Grove's, 419 
" Intensity." 417 
Smee's, 419 
Circuit of one metal, 415 
Deposition of copper, 425 

gold and silver, 426 
Volta plating. 428 

Temperature for work- 
ing, 428 



Wad. 360 

Water gilding, 221 

Watt, Composition for electro- 
moulds, 430 

Wedgprood*s pyrometer, 119 

White lead, 268 

Wind furnace, 95 

Wood as fuel. 111 

ash after combustion, 112 

Wollaston's method of working 
platinum, 243 



Zinc, its alloys, 388 

Amalgamation of, for electro- 
purposes, 415 
Chloride, 387 
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Zino, Disorimination, 890 
Estimation, 390 
History, 382 
MeUllargy, 383 
orM, 382 



Zino, Oxide, 387 

Preparation of pure, 385 
Properties, 386 
Redistillation, 385 
Sulphide, 387 
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XXXVI. Drmina Machine; Motive Machines; Water wheels, Con- 
Btniotlon and setting up of water wheels, Delineation of water wheels, 
Design for a water wheel. Sketch of a water wheel ; Oeerehot Water 
WheeJe, Water Pvmpe^ Plate XXXVII. Steam Motnre; High-pressure 
expansive steam engine. Plates XXXVIII., XXXIX. and XL. Details 
of OonstrvdUm ; Movements of the JHstrtbutUm and Sxpimslon Valves ; 
Rules and Practical 2>afa~Steam engines : Low-pressure condensing 
engines without expansion valve, Diameter of piston. Velocities. 
Steam pipes and passages, Air-pump and condenser, Cold-water and 
feed-pumps. High-pressure expansive engines, Medium pressure con- 
densing and expansive steam engine, Conical pendulum or oentrlAigai 
governor. 

Obliqite Pbojections.— Application of rules to the delineation of 
an OBCillAting cylinder, Plate XLI. 

Parallel Perspective.— Principles and applications, Plate XLII. 

T»UE PERSPECTivE.—Elementarv princinTes, Plate XLIIL Appll- 
oatlons— flour mill driven by belts, Plates XLI v. and XLV. Descrip- 
tion of the mill, Representation of the mill in persnective. Notes of 
recent improvements in flour mills, Schiele*s mill, Mullin's "ring mill- 
stone," Barnett*s millstone, Hastie's arrangement for driving mills, 
Currie'tf improvements in millstones ; Rules and Practical Ikita— Work 
performed by various machines. Flour mills, Saw mills, Veneei^awing 
machines, Circular saws. 

Examples op Finished Dbawxnos op Maciiiiiert.— Plate A, 
Balance water-meter; Plate B, Engineer's shaping machine; Plata 
C D £, Express locomotive engine ; Plate F., Wood planing machine | 
Plate O, washing machine for piece goods ; Plate H, power loom \ 
Plate I, Duplex steam boiler; Plate J, Direot4icting marine engine*. 

Drawimo Ixstrumeiits. 

Blinn. A Practical Worbhop Companion 
for Tin^ Sheet-Iron^ and Copper-Plate 
Workers? 

Containing Rules for Describing varioas kinds of Prntterns 
- used by Tin, Sheet-Iron, and Copper-Plate Workers ; 
Practical Geometry ; Mensuration of Surfaces and Solids ; 
Tables of the Weights of Metals, Lead Pipe, etc. ; Tables 
of Areas and Circumferences of Circles ; Japans, Vamislies, 
Lackers, Cements, Compositions, etc. etc. Vty Leroy J. 
Bliun. With numerous Illustrations. 12mo $2.50 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By E. W. Beans, C. B. 12mo. (hi press.) 

Bishop. A History of American Mannfactures, 

From 1608 to 1860 ; exhibiting the Origin and Growth 
of the Principal Mechanic Arts and Manufactures, from 
the Earliest Colonial Period to the Present Time ; with a 

3 
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Notice of the Important Inyentions, Tarilb, and the Be- 
snltfl of each Decennial Census. Bjr J. Leander Bishop/ 
M. D, : to which is added Notes on the Principal liano- 
factnring Centres and Remarkable Mannfactories. Bf 
Bdward Young and Edwin T. Freedlej. In two yols., 
8to :. - 16.00 

Bookbinding: A Manual of the Art of Book 
binding, 

Containing full instniotions in the diiferent branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. B7 James B. Nicholson. 
Illustrated. 12mo., cloth, $2.25 



Finishing* Tuste and Design, Styles, Gilding, Illuminated Binding, 
Blind Tooling, Antique, Coloring. Marbling, Uniform Colors, Gold 
Msrbllqg, Landscapes, oto., Inlaid Ornaments, Harmony of Colors. 
Pasting Down, eto., Stamp or Press-work, Restoring the Bindings of 
Old Books, SuppljingilmperliMtions in Old Books, Hints to Book Col- 
leotors, Technical Lessons. 

Bootb and Morfit. Tlie Encyclopedia of 
Ghemistrj) Practical and Tlieoretical: 

Embracing its application to the Arts, Metallurgy, Mine- 
ralogy. Geology, Medicine, and Pharmacy, By James C. 
Booth, Melter and Refiner in the United States Mint ; 
. Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Campbell Mobfit, author of ''Chemical 
Manipulations," etc. 7th Edition. Complete in one 
▼olnme, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations, $5.00 

From the yerv large number of articles in this Yolume, it is entirely 
Impossible to give a list of the Contents, but attention may be oalled 
to some among the more elaborate, such as Aflinity, Alcoholometry, 
Ammonium, Analysis, Antimony, Arsenlr, Blowpipes, Cyanogen, Dis- 
tillation, Electriolty, Ethyl, Fermentation, Iron, Lead and Water. . 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
)f Making all the Small Beers. By M. Lafatsttb Btbit, 

M. D. With niustraUons. 12mo $1.25 

** Manv an old brewer will find in this book valuable hints and sug- 
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leationf worthy of cofuideratioii, and the novice can poet hiniBelf up 
Ilk hia trade in all its parts.*'— ^r^an. 

Builder's Pocket Cofflpanion: 

Containing the Blements of Building, Surveying, and 
Architeotnre ; with Praotioal Rulea and Instruotions con- 
nected with the subject. By A. C. Smbatok, Giyil Engi- 
neer, etc In one rolume, 12mo., $1.26 

OO'NT'ENTS.—'The Builder. Carpenter, Joiner, Mason, Plasterer, 
Plumber, Fainter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies, Architect. 

*Mt gives, in a small space, the most thorough directions to the 
builder, from the laying of a brick, or the felling of a tree, up to the 
most elaborate production of ornamental architeotnre. It is soientiflc, 
without being ODSoure and unintelligible \ and every house-carpenter, 
master, Journeyman, or apprentice, should have a copy at hand 
always.*'— foentny Bulletin, 

Byrne. The. Handbook for the Artisan, Me- 
chanic, and Engineer^ 

Containing Instructions in Grinding and Sharpening of 
Cutting Tools, Figuration of Materials hj Abrasion, Lapi- 
darj Work, Gem and Glass Engraving, Varnishing and 
Lackering, Abrasive Processes, etc., etc* By Oliver 
Byrne. Illustrated with 11 large plates and 185 outs* 
8vo., cloth, $5.00 

OONTBNTB.— Grinding Cutting Tools on the Ordinary Grind- 
9wne ; Sharpening Cutting Tools on the Oilstone ; Setting Razors $ 
Sharpening Cutting Tools with Artificial, Grinders ; Production of Plane 
Surface? by Abrasion : Production of Cylindrical Surfaces by Abra- 
sion; Procfuction of Conical Surfaces by Abrasion: Production of 
Spherical Surfaces by Abrasion: Glass Cutting; Lapidary Work; 
Setting, Cutting, and Polishing Flat and Rounaed Works; Cutting 
Faucets ; Lapidary Apparatus for Amateurs ; Gem and Glass Engrav- 
ing; Seal and Gem ffngraving; Cameo Cutting; Glass Engraying, 
Varnishing, and Lackering; General Remarks upon Abrasiye Pro- 
eesses ; Dictionary of Apparatus ; Materials and Processes for Grinding 
and Polishing oommonly employed in the Mechanical and UseAii Arts. 



Byrne. 



The Practical Metal-worker's Assist- 



ant) 

For Tin-plate Workers, Braziers, Coppersmiths, Zino- 
plate Omrmenters and Workers, Wire Workers, White- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Qold Smiths, Electrotypers, and all other Workers in 
Alloys and Metals. Edited by Oliveb Btbvb. Complete 
in one volume, octavo, ^7.00 

It treats of Casting, Founding, and Forging; of Tongs and other 
Ttels} Degrees of Heat and Management of Fires; welding of 
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Readtng and Sirage Tools ; of Pnnche* and Anvils ; of Hardening aa4 
Tempering; of Malleable Iron Castings, Case Hardening, Wrought 
and Cast Iron ; tlie Management and Manipulation of Metals and 
Alloys, Melting and Mixing : the Management of Fomacea, Casting 
and Founding with Metallic Moulds, Joining and Working Sheet Metal ; 
Peculiarities of the dilferent Tools employed ; Processes dependent on 
the duotiUty of Metals ; Wire Drawing, Drawing Ifetal TobM, Solder- 
ing : The use of the Blowpipe, and every other known Metal Worker's 

Byrne. The Practical Model Calculator, 

For the Engineer, Maobinist, Maaafaotnrer of Engine 
Work, NAval Arohiteot, Miner, and MUlwright. Bj 
OuYKB BnuiB, Compiler and Editor of the Diotionarj of 
Machines, Meohanios, Engine Work and Engineering, and 
Anther of yarions Mathematical and Mechanical Worka. 
lUnstrated bj numerous engravings. Complete in one 
large TolumCi octavo, of nearly six hundred pages, ..$4.50 

The prineipal otiJt'cts of this work are : to establish model ealcula- 
lions to guide practical men and students ; to illustrate every practical 
rule and principle by numerical calculations, systematically arranged ; 
to give Information and data indispensable to those for whom it is in- 
tended, thus surpassing In value any other book of its character; to 
coonomlse the labor of the practical man, and to render his every-day 
aalculations easy and comprehensive. It will be found to be one ox 
the most complete and valuable practical books ever published. 

Cabinetmakel^s and Upholsterer's Companion, 

Comprising the Rudiments and Principles of Cabinet - 
making and Upholsterj, with Familiar Instructions, il- 
lustrated hj Examples for attaining a proficiency in the 
Art of Drawing, as applieable to .Cabinet Work; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ; to make French Polish ; to prepare the best Olues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokhu 
In one volume, 12mo. With Illustrations, $1.25 

*' A large amount of practical information, of great servioe to all 
eenoemed in those branches of business.'* 

Gampin. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, 
Manufacture of Steam Engines, etc. etc. With an Appen- 
dix on the Analysis of Iron and Iron Ores. By Francis 
Campin, C. K. To which are added, Observations on the 
6 
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Constraction of Steam Boilers and remarks upon FarnaoeB 
nsed for Smoke Prevention ; with a Chapter on Explosions. 
By R. Armstrong, C. E., and John Bourne. Rules for Cal« 
culatlng the Change Wheels for Screws on a Turning Lathe» 
and for a Wheel-cutting Machine. By J. La Nicca. Han« 
agement of Steel, including Forging, Hardening, Temper* 
ing, Annealing, Shrinking, and Expansion. And the Case- 
hardening of Iron. By G. Ede. 8vo. Illustrated with 29 
plates and 100 wood engravings. 8vo $6.00 

Colbttro. The LoeomotlTe Engine ; 

Including a Description of its Structure, Rules for Esti- 
mating its Capabilities, and Practical Observations on its 
Construction and Management. By Zbbah Colbubv. Il- 
lustrated. A new edition. 12mo, $1.25 

" It is the most practical and generally useful work on the Steam 
Engine that we have §een,"^B<Mton 2Vawi€r.'' 

Dagnerreotypistand Photographer^ s Companion. 

12mo., cloth, $1.26 

Distiller (The Complete Practical), 

Bv M. Lafatbttb Btbk, M.D. With Illustrations. 12mo. 

$1.25 

" So Blmpllfted. that It ii adapted not only to the use of extensive 
Distillers, but for every farmer, or others who may want to engage in 
DistiUing. "—ilanncr i/ tk« Union. 

Dussauee. Practical Treatise 

On tub Fabbioation of Matches, Gun Cottoit,' and Fulmi- 
VATiKo Powdbbs. Bj Frof. H. Dussauce. 12mo.,....$3.00 

COWTBBTTB.— Phorphorus. — History of Phosphorus ; Physical 
Properties ; Chemical Properties j Natural State : Preparation ol 
White Phosphorus \ Amorphous Phosphorus, and Benoxlde of Lead. 
Jfa^cA«f.— Preparation of Wooden Matches ; Matches inflammable by 
rubbing, without noise ; Common Lucifer Matches : Matches without 
Phosphorus; Candle Matches; Matches with Amorphous Phospho- 
rus ; Matches and Rubbers without Phosphorus. Qun Cb£<(m.-«Proper- 
tiea : Preparation ; Paper Powder ; use of Cotton and Paper Powders 
for Fulminating Primers, etc.; Preparation of Fulminating Primers, 
etc., etc 

Dussauce. Chemical Receipt Book: 

A C^neral Formulary for the Fabrioatiou of Losing 
Chemioals, and their Application to the Arts, Mauufac- 
tures, Metallurgy, and Agriculture. By Prof. H. Dus- 
sauce. (/n prets,) 
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DTEDTO, OALIOO PBJUTillO, OOLOBS, OOTTOH SPrET- 
ZriNa, AND WOOLEV MAJSaJFAOTUSK 

Baird. The Ameriean Cotton Spiimer} and 
Manager's and Carder's Guide: 

A Praotloal Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Draught and Twist 
Galoulations, etc.; with Notices of recent Improyements : 
together with Rales and Examples for making changes 
in the sizes and numbers of Boving and Yarn. Com- 
pile 1 from the papers of the late Robert H. Baird. 
12mo $1.25 

Capron Be Bole. Bussauce. Blues and Car- 
mines of Indigo: 

A Practical Treatise on the Fabrication of everj Commer 
cial Product derived from Indigo. Bj Felicien Capron 
de Dole. Trau slated, with important additions, by Pro* 
fessor H. Dussauoe. 12mo $2.50 

Chemistry Applied to Byeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.50 

CONT^NTS.—General PropeHUa qf MatUr.—HeAt, Light, Ele- 
ments of Matter, Chemical Afflnitv. Non-Mdallie SuManees.—Oxy^en, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Fhosphoras, Iodine, 
Broiftine, Fluorine, Silioum, Boron. Carbon. Metallte SuManew.— 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium, Strontium, Caleium, Magnesium, Alminum, Manganese, Iron, 
Co1>alt, Nickel, Zinc, Cadmium, Copper, Lead. Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or Wolfram, Molybdenum, Teller 
rium, Arsenic. Antimony, Uranium, Cerium, Mercury. Silver, Gold, 
Platinum, Palladium, Iridium, Osmium, Rhodium, Lanthanium. Mof 
dan/«.— Red Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetate of Copper. Veget(MB MaUers used in Dyeing.— 
Galls, Sumach, Catechu, Indigo, Logwood, Brazil-woods, Sandal-wood» 
Barwood, Camwood, Fustic, Young Fustic, Bark or Quercitron, Fla- 
vine. Weld or Wold. Turmeric, Persian Berries, Safflower, Madder, 
Muz^eet, Annota, Alkanet Root, Archil. Fropoaed New VtgetttUs 
D^M.— Soora^Jee, Cari^juru, Wongshy, Aloes, Pittacal, Barbary Root. 
Animal Matters used in Dyeing. — Cochineal, Lake or Lac, Kerms. 

This will be found one of the most valuable books on the sut^eot ol 
dyeing, ever published In this country. 

Dussauee. Treatise on the Coloring Matters 
Derived from Goal Tar; 

Their Practioal AppUoation in Dyeing Cotton, Wool, and 
8 
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Silk ; the Principles of th^ ^rt of Dyeing and of the Dis- 
tillation of Coal Tar ; with a Description of the most Im- 
portant New Dyes now In use. B7 Professor H. Das- 
sauce, Chemist. 12mo , $2.50 

GONTSJSTTS.— Historical Notloe of the Art of Djnelng— Cbemleal 
Principles of the Art of Dyeing— Preliminary Preparation of Stuff*— 
Mordants— Dyeing— On the Coloring Matters produced hy Coal Tar— 
DiBtlllation of Coal Tar— History of Aniline— Properties of Aniline- 
Preparation of Aniline directly from Coal Tar— Artifloial Preparation 
of Aniline— Preparation of Benzole— Properties of Benaole— JPrepara- 
tlon of Nitro-Benzole— Transformation of Nitro-Benzole Into Aniline, 
by means of Sulphide of Ammonium ; by Maseent Hydrogen ; by Ace- 
tate of Iron; and by Arsenlte of'Potash— Properties of the*Bi-Nltro- 
Benzole— Aniline Purple— yioline—Roselne—Emeraldlne— Bleu de 
Paris— Futschine, or Magenta— Coloring Matters obtained by other 
" from Coal Tar— Mitroso-Phenyline— Di Nitro-Aniline— Nltro- 

~ • ■* - ~ apthallne Colors 

>ias— Carminaph- 
tiamein — ^Tar j 
— Azuline^AppUoatlon of Coal Tar Colors to tlM Art of Dyeinc 1 
Calico Printing— Action of Light on Coloring Matters from Coal Tar 
•^Latest Improvements in the Art of Dyeing— Chrysammic Add— Mo- 
lybdio and Picric Adds— Extract of Madder— Theory of the Fixation 
of Coloring Matters in Dyeing and Printing — ^Principles of the Action 
of the most important Mordants— Aluminous Mordanta— Ferrusinous 
Mordants— Stanniferous Mordants— Artifldal Alizarin— Metallic Hy- 
posulphites as Mordants— Dyer's Soap— Preparation of Indigo for Dye- 
ing and Printing— Relative value of Indigo— Chinese Green Murexide. 

Dyer and GoloMuaker's Companion: 

Containing np wards of two hundred Receipts for making 
Colors, on the most approved principles, for all the 
Tarions styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washlng-off, and Finishing the Goods. Second edition. 
In one volume, 12mo $1.25 



PhenyUne— Picric Add— RosoUc Acid— Quinoline— Napthallne Colors 
— Chloroxynaphthalic and Perchloroxynapthallo Adas— Carminaph- 
tha— Nlnaphthalamine— Nitrosonaphthaline— Naphthameln — ^Tar Red 



Freneh Dyer, (The) : 



Comprising the Art of Dyeing in Woolen, Qilk, Cotton, 
etc., etc. By M. M. Ri£fault, Yemaud, De Fontenelle, 
Thlllaye, and Mallepeyre. {In press,) 

LoTC. The Art of Dyeing, Cleaning, Sconring, 
and Finishing, 

Ov THB Most Affboted Evolish and Febnch Methodb; 
being Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc., Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 

Dyer and Scourer. In one volume, 12mo $3.00 

9 
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O'Neill. Chemistry of Calico Printing, Bje* 
ing, and Bleaching ; 

Inolvding Silken, Woolen, and Mixed Goods ; Praotioal 
and Theoretical. Bj Charles O'Neill. (In pfeu.) 

O'Neill. A Dictionary of Calico Printittg and 
Dyeing. 

B7 Charles O'Neill. (Jn preu.) 

Scott. The Practical Cotton^spinner and Man* 
nfactnrer; 

Ob, Th)i Makaobb avd Ovbrlookbb's Coxpahiov. This 
work contains a Comprehensive System of Calcolations 
for Mill Gearing and Machinery, from the first Moving 
Power, through the different processes of Carding, Draw- 
ing, Slabbing, Roving, Spinning, and Weaving, adapted 
to American Machinery, Practice and Usages. Compen- 
dious Tables of Yams and Reeds are added. lUustrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, 00- 
tovo $5.00 

This edition of 8<x>tt*s CottoopSpiimer, by Oliver Byrne, Is designed 
fDr the Amerioan Operative. It will be found intensely practioal, and 
will be of the greatest poMible value to the Manager, Overseer, and 
Workman. 

Sellers. The Color*miier. 

By John Sellers, an Experienced Practical Workman. 
To which is added a Catbchism of Chbmistbt. In ono 
volume, 12mo $2.50 

Smith. The Dyer's Instnictorj 

Comprising Practioal Instmctions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, aa 
Single and Two-colored Damasks, Moreens, Camlets, 
Lastings, Shot Cobonrgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woolens, 
Tarns, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Handkerchiefs, 
and the various Mordants and Colors for the different 
10 
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lijlea of Buoli work. By David Smith, Pattern Dyer. 
A new edition, in one volnme, 12mo $3.00 

OONTBM'TS.— Wool Dyeing, 80 receipts— Cotton Dyelnjiri ® ro- 
oelpts— Silk Dyeing, 60 receipta— Woolen Yarn Dyeing, 59 receipts — 
Worsted Yam Dyeing, 51 receipts— Woolen Dyeing, 02 receipts— Da- 
mask Dyeing, 40 receipts— Moreen Dyeing, 88 receipts— Two-Colored 
Damask Dyeing, 21 receipts— <^amlet Dyeing, 23 receipts- Lasting Dye- 
ing, 23 receipts— Shot Coboure Dyeing, 18 receipts— Silk Striped Or- 
leans, from Black, White, and Colored Warps, 23 receipts— Colored 
Orleans, from Black Warps, 16 receipts— Colored Orleans and Co- 
bourgs, from White Warps, 77 receipts— Colored Merinos, 41 receipts 
—Woolen Shawl Dyeing, 16 receipts— Padding, 43 receipts— Silk Warp, 
Skein, and Handkerchief Printing, 62 receipts— Nature and Use of Dye- 
wares, including' Alum, Annotta, Archil, Ammonia, Algol, Super 
Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of Po^ 
ash, Chidbear, Chemlc, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Young Fustic, Galls, Induo, Kermes or Lao j^e. 
Logwood, Madder, Nitric Acid or Aqua Fortls, Nitrates, Oxalic Tin, 
Peachwood, Prussiate of Potash, Quercitron Bark, Samower, Saun- 
ders or Red Sandal, Sapan Wood, Sumach, Turmeric, Examination of 
Water by Tests, etc., etc. 



Ulrieh. Dttssaace. A Complete Treatise 

Or the Abt of Dyeing CottOr and Wool, as praotisbd in 
Paris, Rouen, Mulhoubb and Germany. From the French 
of M. Lonls Ulrlch, a Practical Dyer In the principal 
Manufactories of Paris, Ronen, Mnlhouae, etc., etc. ; to 
which are added the most important Receipts for Dyeing 
Wool, as practised in the Manufacture Imperial e des 
Gobelins, Paris. By Professor H. Dussauce. 12mo..$3.00 

OONTSKTS.— 

Rouen Dyes, 106 Receipts. 

Alsace •< 8S6 <* 

German *< 109 '< 

Mulhouse " 73 ** 

Parisian <• 06 <• 

GobelUia " 100 «< 
Id all nearly TOO Receipts. ' 



Easton. A Practical Treatise on Street or 
Horse-power Railways; 

Their Location, Construction and Management; with 
general Plans and Rules for their Organization and Ope- 
ration ; together with Examinations' as to their Compara- 

11 
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tiT9 Advaatftgee over the Oxnnibas System, and Inquiries 
as to their Valae for Inyestment ; Including Copies of 
Municipal Ordinances relating thereto. By Alexander 
Easton, C. E. Illustrated bj ^wenty-three plates, 8vo., 
oloth $2.00 

Examinations of Drags, Medicines, Chemicals, 
etc., 

At to their Puritj and Adulterations. By G. H. Peirce, 
M. D. 12mo., cloth $2.50 

Fisher's Photogenic Manipolation. 

16mo., cloth... •.^•^•^••i • 62 

Gas and Ventilation; 

A Practical Treatise on Gag cui Ventilation. By S. B 
Perkins. 12mo., oloth J^l.OO 

Gilbart. A Practical Treatise on Banking. 

By James William Gilbart, F. R. S. A new enlarged and 
improved edition. Edited by J. Smith Homans, editor 
of *< Banker's Magazine." Jo which is added *' Money," 
by H. C. Carey. 8vo , $3.50 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me- 
chanics and Civil Engineers. 8vo., plates, cloth...$2.25 

Bardwich. A Manual of Photographic Chem- 
istry; • 

Including the practice of the Collodion Process. By J. 
F. Bardwich. {In press.) 

Hay. The Interior Decorator; 

The Laws o( Harmonious Coloring adapted to Interi<)r 
Decorations ; with a Practical Treatise on House Paint- 
ing. By D. R. Hay, House Painter and Decorator. Il- 
lustrated by a Diagram of the Primary, Secondarj and 
Tertiary Colors. 1 2mo. ( In press, ) 
12 



WBUBSMD BT EBNB7 OAjaOOT BAIBD. 

luTentor's Guide— Patent Office and Patent 
Laws: 

Or, a Guide to Inyentors, and a Book of Reference for 
Judges, Lawyers, Magistrates, and others. B7 J. G. 
Moore. 12mo., oloth $1.25 

Jervis. Railway Property. A Treatise 

Oif THB CosBTBUCTioir AND Manaobmbnt OF RAILWAYS ; de- 
signed to afford useful knowledge, in the popular stjle, 
to the holders of this class of property ; as well as Rail- 
way Managers, Officers and Agents. By John B. Jerris, 
late Chief Engineer of the Hudson River Railroad, Cro- 
ton Aqueduct, etc. One volume, 12mo., cloth $2.00 

CONTENTS. — Prefftce — Introduction. Cofuiruclion. — Introduo- 
tonr—Land and Land Damages—Location of Line— Method of Bualneas 
—Grading— Bridges and Culverts— Road Crossings— Ballasting Track— 
Cross Sleepers— Chairs and Spikes— Ralls— Station Buildings— Loco- 
motives, Coaches and Cars. Ooera/in^.— Introductory— Freight— Pas- 
sengers— Engine Drivers— Repairs to Track— Repairs of Machinery- 
Civil Engineer— Superintendent— Supplies of Material— Receipts— Dis- 
bursements — Statistics — Running Trains — Competition — Financial 
Management— General Remarks. 

Johnson. The Goal Trade of British America; 

with ResearcKes on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
Civil and Mining Engineer and Chemist. 870 $2.00 

This volume contains the results of the experiments made for the 
Navy Department, upon which their Coal contracts are now based. 

Johnston. Instmctioi(§ for the Analysis of 
Soils, Limestones and Manures. 

By J. F. W. Johnston. 12mo 38 

Larkin. The Practical Brass and Iron Found* 
er's Guide; 

A Concise Treatise on the Art of Brass Founding, Monll- 
ing, etc By James Larkin. 12mo., cloth ...$1.25 

Leslie^s (Miss) Complete Cookery; 

Directions for Gookery in its Yarions Branches. B7 Miss 
Leslie. 68th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one volume, 12mo., half 

bound, or in sheep $1.25 

13 
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Leslie's (Miss) Ladies^ House Book; 

A Mann&l of Domes tio Koonom^. 20tli reyiaed edition. 
12mo., sheep $1.25 

Leslie's (Miss) Two Hundred fieeeipts in 
Frencli Cookery. 

aoth, 12mo .' ^••••^ 25 

Lieber. Assayer's Guide; 

Or, Practical Directions to Assayers, Bliners and Smelters, 
for the Tests and Assays, by Heat and hj Wet Processes, 
of the Ores of all the principal Metals, and of Gold and 
Silyer Coins and Alloys. By Oscar M. Lieber, late Geolo- 
gist to the State of Mississippi. 12mo. With illustra- 
tions - $1.25 

** AmoQf the indlspengable works Sot this purpose, Is this little 
guide. "—2r<iMn. 

Lowig. Principles of Organic and Pliysiologi- 
cai Cliemistry. 

By Dr. Carl Lowig, Doctor of Medicine and Philosophy ; 
Ordinary Professor of Chemistry in the University of 
Zurich ; Author of ** Chemie des Organischen Verbindon 
gen.'' Translated by Daniel Breed, M. D., of the U. S. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8yo., sheep « $3.50 

Marble Worker's Manual; 

Containing Practical Information respecting Marbles In 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc., etc. 12mo., cloth ..$1.25 

Miles, A Plain Treatise on Horse-slioeing. 

With niustrations. By William Miles, Author of " The 
Horse's Foot.» ' 11.00 

14 
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Main & Brown. The Marine Steam*Engiite. 

By Thomcia J. Main, F.R. Ast. S. Mathematical Professor 
at the Royal Naval CollegOi Portsmoath, and Thomas 
Brown, Assoc. Inst. C. E. Chief Engineer R. N. attached 
to the Royal Naral College. Authors of ** Qnestlons Con- 
nected with the Marine Steam-En glne," and the *' Indi- 
cator and Dynamometer. * ' With JNnmerons Illustrations. 

In one Volume, Svo ; $5.00 

CONTENTS.— Introductory Chapter, The Boiler, The Engine, Get- 
ting up Steam, Duties to Moohineiy when under Steam, Duties to En* 
glne, &C., on arriving in harbor, MisceUaaeous, Appendix. 

Main & Brown. Questions on Sabjeets Gen* 
nected with tJie Marine-Steam fkigine, 

And Bzaminatfon Papers ; with Hints for their Solution. 
By Thomas J. Main, Professor of Mathematics Royal Naral 
College, and Thomas Brown, Chief Engineer R. N. 12mo., 
doth $1.60 

Main & Brown. The Indicator and Dynamo- 
meter, 

With their Practical Applications to the Bteam Engine. 
By Thomas J. Main and Thomas Brown. With lUnstra- 
tions. 8vo., cloth $1.50 



Morfit. A Treatise on Chemistry 

Appltbd to thb Makufactvbb of Soap avd Candlbs ; being 
a Thorough Exposition, in all their Minntie, of the prin- 
ciples and Practice of the Trade, based upon the most 
recent Discoyeries in Science and Art. By Campbell 
Morfit, Professor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improred edi- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one Tolnme, large 8to • $7.50 

OOKTBITTS.— CHAPTER I. The Hlatoryof the Art and its Rela* 
ttonB to Soience~II. Chemical Combination— III. Alkalies and Alka- 
line Earth8~-IV. Alkallmentary— V. Aold»— VI, Orlgui and Composi- 
tion of Fatty Matters— VII. Saponiflable Fats— Vegetable Fhts— Ani- 
mal Fats— Waxes— VIII. Action of Heat and Mineral Aolds of Fatty 
Matters— IX. Volatile or Essential Oils, and Resins— X. The Proxi- 
mate Principles of Fats— Their Composition and Properties— Baslo 
Constituents of Fats— XI. ' Theory ox Saponifleationr--XII. Utensils 
Requisite for a Soap Factory— Xi II. Preparatory Manipulations in 
the Process of Making Soap— Preparation of the Lyes— XIV. Hard 
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Soaps— XV. Soft Sorfpi-^XVI. Soapi by the Cold Procen— XVII. SUi' 
OAtod Soaps— XVIII. TV>U6t Soaps^XIX. Patent Soaps— XX. Fraud 
and Adulterations In the Manufacture of Soap— XXI. Candles— XXIL 
illumination- XXIII. Philosophy of Flame— XXIV. Raw Material 
for Candles— Purifloatlon and Bleaohing of Suet— XXV. Wieks— XX VI. 
Dipped Candles— XXVII. Moulded Candles- XXVIII. Stearin Candles 
—XXIX. Stearic Add Candles— *< Star" or '< Adamantine'* Candles— 
iaponifioation by Lime — Saponification by Lime and Sulphurous Acid 
-Saponification by Sulphuric Add— Saponification by the combined 
aetlon of Heat, nessure and Steam— XXX. Spermaceti Candles— 
XXXL Wax Candles— XXXIL Composite Candles— XXXIIL Paraffin 
—XXXIV. Patent Candles— XXXV. Hydrometers and Thermometers. 

Mortimer. Pjroteelmist's Companion; 

Or, a Familiar System of Fire-worka. By G. W. Morti- 
mer. lUastrated by numerous Engravings. 12mo$1.25 

Napier. Manual of Eleetro-Metailprgy; 

Including the Application of the Art to Manufacturing 
Prooesses. By James Napier. From the second London 
edition, revised and enlarged. Illustrated by Bngrav- 

ings. In one volume, 12mo $1.50 

Napler's^Eleotro-MetaUur^ is generMIy regarded as the very best 



acal Treatise on the Su^fect In the English Language. 
OONTBNTS.— History of the Art of Electro-Metallurgy— Descrip- 
tion of Galvanic Batteries, and their respective Pecullaiities—Eleo* 
trotype Processes—Miscellaneous Applications of the Process of Coat- 
ing with Copper— Bronzing— Decomposition of Metals upon one 
another— Electro-Plating— Electro-Gilaing— Results of Experiments 
on the Deposition of other Metals as Coatings, Theoretical Observa- 
tions. 

Norris's Hand-book for Locomotive Engineers 
and Machinists; 

Comprising the Calculations for Construoting Locomo- 
tives, Manner of setting Valves, etc., etc. By Septimus 
Norris, Civil and Mechanical Bngineer. In one volume, 
12mo., with Illustrations $2.00 

*' With pleasure do we meet with such a work as Messrs. Norrif 
and Balrd have given us."— ilriiawn. 

" In this work he has given us what are called < the seerets of the 
business,' in the rules to construct locomotives, in order that the mil- 
lion should be learned In aU things.^'— S^;ien<(/le AmerietM, 

Nystrom. A Treatise on Screw-Propellers and 
their Steam-Engines; 

With Practical Rules and Examples by which to Calcu- 
late and Construct the same for any description of Ves- 
sels. By J. W. Nystrom. Illustrated by over thirty 
large Working Drawings. In on* volume, octavo...d6.00 
16 
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O^ennan. The Manufacture of Iron in all its 
Various Branches; 

To wbicli is added an Essay on the Manufacture of Steel. 
By Frederick 07eYman, Mining Engineer. With one 
hundred and fifty Wood Engravings. Third edition. In 
one Yolume, ootaro, five hundred pages $7.50 

** We hftve now to announce the appearance of another valuable 
work on the auttject, which, in our humble opinion, supplies any defi- 
ciency which late improvements and discoveries may nave caused, 
from the lapse of time since the date of * Mushet' and * Schrlvenor.* 
It is the production of one of our Trans- Atlantic brethren, Mr. Fred- 
erick Overman, Mining Enprinecr ; and we do not hesitate to set it 
down as a work of great importance to all connected with the iron in- 
terests : one which, while it is sufficiently technological fully to ex- 
Slain cnemieal analysis^ and the various phenomena of iron under 
ifferent circumstances, to the satisfaction of the most fastidious, is 
written In that clear and comprehensive style as to be available to the 
capacity of the humblest mind, and consequently will be of much ad- 
vantage to those works where ihe proprietors may see the deslrabiltty 
of placing it in the hands of their operatives."— Ion4o» Mining 
Journal. 

Painter, Gilder and Varnlsher's Companion; 

Containing Rules and Regulations in everything relating 
to the Arts of Painting, Gilding, Varnishing and Glass 
Staining ; with numerous useful and valuable Receipts ; 
Tests for the detection of Adulterations in Oils and 
Colors ; and a statement of the Diseases and Accidents to 
which Painters, Gilders and Varnishers are particularly 
liable, with the simplest methods of Prevention and 
Remedy. Eighth edition. To which are added Complete 
Instructions in Graining, Marbling, Sign Writing, and 
Gilding on Glass. 12mo., cloth $1.25 

Paper-Hanger's (The) Companion; 

In which the Practical Operations of the Trade are sys- 
tematically laid down ; with copious Directions Prepara- 
tory to Papering ; Preventions against the effect of Damp 
in Walls ; the various Cements and Pastes adapted to 
the several purposes of the Trade ; Observations and Di- 
rections for the Panelling and Ornamenting of Rooms, 
etc., etc. By James Arrowsmith. In one volume 
" 12mo $1.25 

Practical (The) Surveyor's Guide; 

Containing the necessary information to make any per 
ion of common capacity a finished I^and Survevor, with- 
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out the aid of a Teacher. By Andrew Duncan, Land 
Surveyor and Civil Engineer. 12mo $1.25 

HAvlng had an experience as a Practtcnl Surveyor, etc., of thirty 
Tean, It la believed that the author of this volume posseises a thorough 
knowledge of the wants of the profesnlon ; and never having met with 
any work ■uffloiently concise and instructive in the several details 
■eeessary for the proper qualification of the Surveyor, it has been his 
object to supply that want. Among other Important matters In the 
book, will be found the following : 

Instructions in levelling and profiling, with a new and speedy plan 
of setting grades on rail and plank roads— the method ox inneetU^ 
eurref—the description and design of a new Instrumeat, whereby dis- 
tances are found at once, without any calculation— a new method of 
surveying any tract of land by measuring one line through-it— a geo- 
metrical method of correcting surveys taken with the compass, to fit 
them for calculation— a short method of finding the angles from the 
eourses, and vice vena— the method of surveying with the comraat 
through any mine or iron works, and to correct the deflections oi the 
needle by attraction— description of an Instrament by the help of 
which any one may measure a map by inspection, without calculation 
»a new and short method of oaloulatioD, wherein fewer figutes are 
used— the method of correcting the diurnal variation of the needle 
—various methods of plotting and embellishlngAnaps— the most cor^ 
rect method of laying off plots with the pole, etc.— deseripUon of a 
new compass contrived by the author, etc., ete. 

Railroacl EndDcer's Pocket CompaDion for the 
Field. 

By W. Grigwold. 12mo., tucks $1.25 

Regnanlt. Elements of Chemistry, 

By M. V. Regnanlt. . Translated from the French hy T. 
Forrest Betton, M.D., and edited, with notes, by James 
-C. Booth, Helteraud Refiner U. 8. Mint, and William L. 
Faher, Metallurgist and Mining Engineer. Illustrated by 
nearly 700 wood engravings. Comprising nearly 1,500 
pages. In two volumes, Svo., cloth $10 00 

Rural Chemistry; 

An Elementary Introduction to the Study of the Science, 
in its relation to Agriculture and the Arts of Life. By 
Edward Solly, Professor of Chemistry in the Horticul- 
tural Society of London. From the third improved Lon. 
dou edition. 12mo ^1.50 

Shunk. A Practical Treatise 

Ok Railway Curves, aho Location fob Yovno B^oivbers. 
By Wm. F. Shunk, Civil Engineer. 12mo .....$1.01 

Strength and Other Properties of Metals; 

R/i|<»rts of Experiments on the Strength and other Pro> 
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perties of Metals for Cannon. With a Description of the 
Machines for Testing Metals, and of the Classification of 
Cannon in service. By Officers- of the Ordnance Depart- 
ment U. S. Army. By authority of the Secretary of 
War. Illnstrated by 26 large steel plates. In one vol- 
nme, quarto $10.01 

The best Treatise on Cast-iron extant. 



Tables Showing the Weight 



Of RotTiTD, Squabb ahd Flat Bar Ibok, Stbxl, etc., by 
Measurement. Cloth 60 

Taylor. Statistics of Coal; 

Including Mineral Bituminous Substances employed in 
Arts and Manufactures ; with their Geographical, Geo- 
logical and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistics of the Iron Manufacture. By 
R. C. Taylor. Second edition, revised by S* S. Hslde- 
man. Illustrated by five Maps and many Wood Engrav- 
ings. 8yo., cloth.. ..' $6.00 

Templeton. The Practical Examinator on 
Steam and the Steam Engine; 

with Instructive References relative thereto, arranged 
for the use of Engineers, Students, and others. By Wm. 
Templeton, Engineer. 12mo $1.25 

Tbis work was oriffiniOly written for the author's private use. He 

as prevailed upon by various Engineers, who had seen the notes, to 

oonsent to its publication, from their eager expression of belief tkat 



was prevailed upon by various Engineers, who had seen the nol 
oonsent to its publication, from their eager expression of b " 
It would be equally useful to them as it had been to hlmsell. 

Tin and Sheet Iron Worker^s Instrnctorj 

Comprising complete Descriptions of the necessary Pat- 
terns and Machinery, and the Processes of Calculating 
Dimensions, Cutting, Joining, Raising, Soldering, etc. 
etc. With numerous Illustrations $2.50 

Treatise (A) on a Box of Instmments, 

And the Slide Rule ; with the Theory of Trigonometry 
and Logarithms, includiug Practical Geometry, Survey 
ing, Measuring of Timber, Ca^k and Malt Gauging. 
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Heights and Distancefl. By Thomas Kentish. In one 
volumei 12mo ^1.25 

A volume of Inestimable value to Engineen, Gaugen, Students, and 
Mthers. 

Tunibnll. The Electro-Magnetic Telegraph; 

With an Historical Account of its Rise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insulation and Protection from the Sffects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Devices and Laws. By Lawrence 
Turnhnll, M. D., Lecturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated hy numerous Bngraviugs. 8vo..$2.50 

Tomer's (The) Companion; 

Containing Instruction in Concentric, Elliptic and Eccen- 
tric Turning ; also various Steel Plates of Chucks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical Cutter and Rest ; with Patterns 
and Instructions for working them. 12mo., cloth.. $1.25 

Weatherley (Henry). Treatise on the Art of 
Boiling Sugar^ Grystatlizing^ Lozenge 
making, Comfits, ^nm Goods, 

12mo $2.0C 

Williams. On Heat and Steam; 

Embracing New Views of Vaporization, Condensation, 
and Expansion. By Charles Wye Williams. Illustrattjd. 
8vo $3.50 



SOCIAL SCIENCE. 

THE WOBJCS OF HEIOtY C. CABEY. 



" I challenge the production from among the writen on political 
economy of a more learned, philosophical, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C. Carey, 
riie works he has published in support of the protective policy, arp 
remarlcablo for profound research, extensive range of inquiry, rare 
logical acumen, and a consummate knowledge of history." — Speech of 
Hon. EdxDard Joy Morrii^ in the House of RepreteniaHvet of the United 
StateMf February 2, 1869. 
20 
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THE WOR&S OF HENRT C. CARET. 

*' Henry C. Carey, the belt known and sbleit economist of North 
America. • « • • • In £urope he is principally known by Ma 
striking and original attacks, based upon the peculiar advantages of 
American experience, on some of the prinolpal doctrines, especially 
Malthus* ' Theory of Population' and Rioardo's teachings. Hie views 
have been laively adopted and thoroughly discussed in Europe. "~ 
<* The German Pauieal Uaeieon,** Edited by BtanUehli and Br<iter, UipeU^ 
1868. 

*< We believe that your labors mark an era in the science of politieal 
economy. To your researches and lucid arguments are we indebted 
for the explosion of the absurdities of Malthus. Say, and Ricardo, in 
regard to the inability of the earth to meet the demands of a growing 
population. American industry owes you a debt which cannot be re- 
paid, and which it will ever be proud to acknowledge.~i>ain a Letter 
of Hon. George W. ScrantoUf M. C, Hon. William Jeeeup, and ouer eUaty 
if^uential eUizent of Luaeme County, PettntylvaniOf to Henry C, Carey, 
April Sy- 18G9« 

Fmancial Crises; 

Their Causes and Effects. 8vo., paper 25 

French and American Tariffs^ 

Compared in a Series of Letters addressed to Mens. M. 
Chevalier. 8to., paper 25 

Harmony (The) of Interests; 

Agriculturali Manufactnring and Commevial. 8to., 

paper 75 

Cloth $1.60 

** We can safely recommend this remarkable work to all who wish 
to Investigate the causes of the progress or decline of industrial ooo^ 
muniiiea.^^—BUickwood'B Magazine, 

Letters to the President of the United States. 

8yo., Paper 50 



Miscellaneous Works; 



Comprising "Harmony of Interests," "Money,'* "Let- 
ters to the President," "French and American Tariffs," 
and "Financial Crises." One Yolnme, Svo $3.00 



Money; A Lecture 



Before the New York Geographical and Statistical So- 
ciety. 8vo., paper 25 
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TBfE WORKS OF HENRT C. CARET. 


Piist (The), 

8yo..... 


the Present and the Futare. 


12ino 


$1.50 



" Full of importaat fusts bearimr on topios that are now agitating 
all Europe. • • « Theie quotations will only .whet tbe appetite 
of the Bolentlflo reader to devour the whole work. It is a book full of 
valuable Information.*'— £6onoi»i«f. 

** Decidedly a book to be read by all who take an interest in tiie pro- 
gress of social soienoe."— Spectator. 

*'A Southern man myselil never given to tariff doetrines, I confess to 
have been convinced oy his reasoning, and, thank Heaven, have not 
now. to learn the difflerence between do^g^ obstinacy and consistency. 
* Ye gods, give us but light I' should be the motto of every inquirer 
after truth, but for far dlTOrent and better purposes than that which 
prompted the exclamation.''— 71^ kUe John S. Skinner, 

** A volume of extensive information, deep thought, high intelU* 
gence, and moreover of material utility."— LomloA Morning Advertiter. 

** Emanating from an active intellect, remarkable for distinot views 
and sincere convictions."— JBHtannio. 

** ( The Past, Present, and Future.' is a vast summary df progressive 
philosophy, wherein he demonstrates the benefit of political economy 
in the onward progress of mankind, which, ruled and directed by over- 
whelming influences of an exterior nature, advsi^ces little by little, 
until these exterior influences are rendered subservient in their turn, 
to increase as much as possible the extent of their wealth and riches." 
— XHctionnaire Univerui det Contemporaini, Par O, Vapermu, ParUf 

Principles^of Social Science. 

Three Tolames, Sto., olotli « J^IO.OO 

COITTIINTB.— Volume I. Of Science and its Methods— Of Man, 
the Sul^ect of Social Science— Of Increase In the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society— Of Appropriation— Of Changes of Matter in Place 
—Of M hanical and Chemical Changes in the Forms of Matter. Vol- 
ume II. Of Vital Changes in the Form of Matter— Of the Instrument 
of Assoo^atioh. Volume III. Of Production and Consumption— Of 
Accumulation— Of Circulation— Of Distribution— Of Concentration 
and Centralization— Of Competition— Of Population— Of Food and 
Population— Of Colonization— Of the Malthusian Theory— Of Com- 
merce—Of the Societary OrgaiUzation- Of Social Science. 

" I have no desire here to reproach Mr. Malthus with the extreme 
lightness of his scientiftc bagvage. In his day, biology, animal and 
vegetable chemistry, the relauons of the various portions of the hu- 
man organism, etc. etc., had made but little progress, and It is to the 
general ignorance in reference to these questions that we must, as I 
think, look for explanation of the fact that he should, with so much 
confidence, in reference to so very grave a su^cct, have ventured to 
suggest a formula so arbitrary in its character, and one whose hollow- 
ness becomes nowgM clearly manifest. Mr. Carey's advantage over 
him, both as to facts and logic. Is certainly due in great part to the 

f>rogresB that has since l>een made In all the sciences connected with 
Ife ; but then, how admirably has he profited of them I How entirely 
is he an cowant of all these brauchca of knowledge which, whether 
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THE WORKS OF HJENRT O. CARET. 

directly or Indirectly, bear upon Ma sulject I With what sklU'does h« 
ask of each and every of them all that it can be made to Airnteh. 
whether of facts or arguments! With what elevated views, and 
what amplitude of means, doeg he go forward in his work I AboY« 
all, how thorough in his scientific caution I Accumulating inductioni^ 
and presenting for consideration facts the most undoubted and proba 
biUties of the highest kind, he yet affirms nothing, contenting himself 
with snowing that his opponent had no good reason for affirming the 
nature of the progression, nor the time of duplication, nor the gene- 
ralization which takes the facts of an individual ease and deduces 
from them a law for every race, every climate, every civllizationi 
every condition, moral or physical, permanent and transient, 
healthy or unhealthy, of the various populations of the many coun- 
tries of the world. Then, having reduced the theory to the level of a 
mere hypothesis, he crushes it to atoms under the weight of facts."-— 
M. De Fontenay in the "JownuU det EeonomUtet.*^ ParU, September^ 1803. 
** This book is SQ abundantly full of notices, facts, comparlsone, cal- 
eulations, and arguments, that too much would be lost by laying a 

f>art of it before the eye of the reader. The work is vast and severe 
n its conception and aim. and is far removed from the common run 
of the books on similar subjects. "—iZ Mondo LOterario^ Twrin. 

**In politieal economy, America is represented by one of the 
strongest and most original writers of the age, Henry C. Carey, of 
Philadelphia. .» ♦ » ♦ » »» »* »# 

** His theory of Rents is regarded as a complete demonstration that 
the popular views derived from Ricardo are erroneous ; and on the 
sutuect of Protection, he is generally confessed to be the master 
thinker of his eountry."~FPc«fmi«Mter aeview, 

** Both in America and on the Continent, Mr. Hern^ Carey has ao- 
quired a great name as a political economise. « • * * • 

" His refutation of Malthus and Ricardo we consider most triumph- 
ant.»— London OriHe, 

*< Mr. Carey began his publication of Principles twen|y years ago \ 
he is certainly a mature and deliberate writer. More tian this, he is 
readable : his pages swarm with lUustrative facts and with American 
instances. •••••••••••• 

** We are in great charity with books which, like Mr. Carey's, theo- 
rize with exceBBive boldness, when the author, as does Mr. Caxey, 
possesses information and reasoning power."— JLondon Aihenenan. 

" Those who would flght against the insatiate greed and unscrupu- 
lous misrepresentations of the Manchester school, which we have fre- 
quently exposed, without any of their organs having ever dared to 
make reply, will find in this and Mr. Carey's other works an immense 
store of arms and ammunition. * * * * •'* * « 

** An author who has, among the politioal economists of Germany 
and I<Yance, numerous readers, is worth attentive perusal in Eng- 
land."— Xon^ion Statettnan, 

" Of all the varied answers to the old cry of human nature, * Who 
will show us any good r none are more sententious than Mr. Carey's. 
He says to Kings, Presidents, and People, * Keep the nation at work, 
and the greater the variety of employments the better.* Hb is seek- 
ing and elucidating the great radical laws of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
^National hUelligeneer, 

" A work which we believe to be the greatest e^r written by an 
American, and one which will in future ages be pointed out as the 

"* nl-f "i'*!®??^"!,®^'* ^**« ♦*"« to 'or'o *^« great Kientia acientiarum,** 
'-Philadelphia Evening^BuUdin, 
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THE WORKS OF HENRY C. CAREY. 

The Slave Trade, Domestic and Foreign ; 

Why it Exists, and How it may be Extinguished. 12mo., 
cloth $1.60 

CONTEK'TS.— The Wide Extent of fflarery— Of Slavery In the 
British Colonies— Of Slavery in Itie United States— Of EdiaDcipation 
In the British Colonies— How Man passes from Poverty and Slavery 
toward Wealth and Freedom— How Wealth tends to Increase — How 
Labor acquires Value and Man becomes Free— How Man passes from~" 
Wealth and Freedom toward Poverty and Slavery— How Slavery 
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" As a philosophical writer, Mr. Carey is remarkable for the union 
of comprehensive generalizations with a copious induction of ta/cU. 
His research of principles never leads him to the neglect of details . 
nor is his accumulation of instances ever at the expense of universal 
truth. He is, doubtless, intent on the investigation ot laws, as tiie 
Appropriate aim of science, but no passion for theory seduces him 
Into the region of pure speculation. His mind is no less historical 
than philosophical, and had he not chosen the severer branch In 
which his studies have borne such excellent fruit, he would have 
attained an eminent rank among the historians from whom the litera- 
ture of our country has received such signal illustration.'*— ^«t9 York 
Tribune, 
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